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^ (54) Title: QUINAZOLINE DERIVATIVES FOR THE TREATMENT OF ABNORMAL CELL GROWTH 

^ (57) Abstract: This invention relates to quinazoline derivatives that are usefulin the treatment of abnomial cell growth, such as 
® cancer, in mammals. This invention also relates to a method of using such small molecules in the treatment of abnormal cell growth 
^ in mammals, especially humans, and to pharmaceutical compositions containing such compounds. The invention further relates to 
small molecules that are selective for erbB2 receptor over the erbB 1 receptor, wherein said erbB2 inhibitor has a range of selectivities 
^ for erbB2 over erbB 1 between 50- 1500, 
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QUINAZOLINE DERIVATIVES FOR THE TREATMENT OF ABNORMAL CELL GROWTH 

5 

Background of the Invention 
This invention relates to small molecules that are useful In the treatment of abnormal cell 
growth, such as cancer, in mammals. This invention also relates to a method of using such 
small molecules in the treatment of abnormal cell growth in mammals, especially humans, and to 
10 pharmaceutical compositions containing such compounds. The invention further relates to small 
molecules, which are potent and highly selective for the erbB2 tyrosine kinase receptor over its 
homologous family member, the erbB1 tyrosine kinase receptor. 

It is known that a cell may become cancerous by virtue of the transformation of a portion 
of its DNA into an oncogene (i^, a gene which, on activation, leads to the formation of malignant 
15 tumor cells). Many oncogenes encode proteins that are aberrant tyrosine kinases capable of 
causing cell transformation. Alternatively, the overexpression of a normal proto-oncogenic 
tyrosine kinase may also result in proliferative disorders, sometimes resulting in a malignant 
phenotype. 

Receptor tyrosine kinases are enzymes which span the cell membrane and possess an 

20 extracellular binding domain for growth factors such as epidermal growth factor, a 
transmembrane domain, and an intracellular portion which functions as a kinase to 
phosphorylate specific tyrosine residues in proteins and hence to influence cell proliferation. 
Receptor tyrosine kinases include c-erbB-2 (also known as erbB2 or HER2). c-met, tie-2, 
PDGFr. FGFr. VEGFR and EGFR (also known as erbB1 or HER1). It is known that such 

25 kinases are frequently aberrantly expressed in common human cancers such as breast cancer, 
gastrointestinal cancer such as colon, rectal or stomach cancer, leukemia, ovarian, bronchial or 
pancreatic cancer. More particularly, it has also been shown that epidermal growth factor 
receptor (EGFR), which possesses tyrosine kinase activity, is mutated and/or overexpressed in 
many human cancers such as brain, lung, squamous cell, bladder, gastric, breast, head and 

30 neck, oesophageal, gynecological and thyroid tumors. 

Accordingly, it has been recognized that inhibitors of receptor tyrosine kinases are useful 
as selective inhibitors of the growth of mammalian cancer cells. For example, erbstatin. a 
tyrosine kinase inhibitor, selectively attenuates the growth in athymic nude mice of a transplanted 
human mammary carcinoma, which expresses epldemial growth factor receptor tyrosine kinase 

35 (EGFR) but is without effect on the growth of another carcinoma, which does not express the 
EGF receptor. Thus, the compounds of the present invention, which are selective inhibitors of 
certain receptor tyrosine kinases, are useful in the treatment of abnormal cell growth, in particular 
cancer, in mammals. 

European patent publications, namely EP 0 566 226 A1 (published October 20, 1993), 
40 EP 0 602 851 A1 (published June 22. 1994), EP 0 635 507 A1 (published January 25, 1995). EP 
0 635 498 A1 (published January 25. 1995), and EP 0 520 722 A1 (published December 30. 
1992), refer to certain bicyclic derivatives, in particular quinazoline derivatives, as possessing 
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5 anli-cancer properties that result from their tyrosine kinase inhibitory properties. Also. World 
Patent Application WO 92/20642 (published November 26. 1992), refers to certain bis-mono and 
bicyclic aryl and heteroaryl compounds as tyrosine kinase inhibitors that are useful In inhibiting 
abnom^al cell proliferation. World Patent Applications WO96/16960 (published June 6. 1996). 
WO 96/09294 (published March 28. 1996). WO 97/30034 (published August 21, 1997). WO 

10 98/02434 (published January 22. 1998). WO 98/02437 (published January 22, 1998). and WO 
98/02438 (published January 22, 1998). also refer to substituted bicyclic heteroaromatic 
derivatives as tyrosine kinase inhibitors that are useful for the same purpose. Other patent 
applications that refer to anti-cancer compounds are United States patent application numbers 
09/488.350 (filed January 20. 2000) and 09/488.378 (filed January 20, 2000). both of which are 

1 5 incorporated herein by reference in their entirety. 

Particular tyrosine kinase receptors have been studied closely. For example, the EGFR 
family consists of four closely related receptors, identified as EGFR (erbBI). erbB2 {HER2), 
erbB3 (HER3) and erbB4 (HER4). It has also been found that the erbB2 receptor is 
overexpressed in human breast cancer and ovarian cancer (Slamon et al.. Science. Vol. 244. 

20 pages 707-712. 1989). The erbB2 receptor is also highly expressed in a number of other 
cancers, such as prostate cancer (Lyne et al.. Proceedings of the /American Association for 
Cancer Research. Vol. 37. page 243. 1996) and gastric cancer (Yonemura et aL. Cancer 
Research. Vol. 51. page 1034. 1991). Furthermore, studies have found that transgenic mice 
incorporating the erbB2 gene develop breast cancer (Guyre et al,. Proceedings of the National 

25 Academy of Science. USA. Vol. 89. pages 10578-10582, 1992). 

The following table shows the percentage of patients having HER2 overexpressed. 
Note that overexpression rates are variable depending the methodology and criteria used. The 
following literature references are incorporated In their entirety by reference into the present 
application: (i) S. Scholl. et ah. Targeting HER2 in other tumor types. Annals of Oncolofly. 12 

30 Suppl. 1. S81:S87. 2001; (ii) Koeppen HK. et al.. Overexpression of HER2/neu in solid 
tumours: an immunohistochemical survey, Histooatholoav. 2001, Feb; 38(2): 96-104; and (ili) 
Osman I. et al.. Clinical Cancer Research . 2001. Sep; 7(9):2643-7. 



CANCER 


OVEREXPRESSION 

PERCENTAGE 


Breast 


20-30% 


Ovary 


18-43% 


Non small ceil lung 
(NSCL) 


13-55% 


Colorectal (CRC) 


33-85% 


Prostate 


5-46% 
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Bladder 


27-63% 


Renal 


22-36% 


Gastric 


21-64% 


Endometrial 


10-52% 


Head and Neck (H&N) 


16-50% 


Esophageal 


10-26% 



5 

One of the challenges encountered in the development of a small molecule selective 
erbB2 inhibitor Is that the erbB2 receptor and Its family member, the EGFR are highly 
homologous. Lack of specificity of inhibitors for the specific targeted family member has been 
found to lead to adverse events in clinical trials, (n particular. In clinical trials conducted with 

10 compounds which are pan erbB inhibitors, i.e., compounds that inhibit all members of the EGFR 
family. For example, in clinical trials with pan erbB receptor inhibitors (CI-1033 and EKB-569) 
dermal toxicity In the fomri of a rash occurs. It is believed that the rash is due to the fact that the 
small molecules under study inhibit the erbBI receptor tyrosine kinase leading to the adverse 
event This theory has been supported by the fact that the same type of dermal toxicity was 

15 observed in clinical trials for compounds, which are selective ertjBI receptor inhibitors. For 
example, this adverse event was observed during clinical studies with the both Pfizer's small 
molecule erijBI (EGFR) inhibitor CP-358.774 (now refen-ed to as OSI-774 or Tarceva™) and 
AstraZeneca's small molecule EGFR inhibitor ZD1839 (In-essa^^). Other compounds such as 
PKI-166. an erbBI inhibitor from Novartis. has also been reported to produce a similar dermal 

20 toxicity in its Phase 1 clinical trial (2nd international anti-cancer Drug Discovery & Development 
summit: 2001. Princeton NJ). Furthemnore in studies with Imclone's tailor-made anti-erbBI 
monodonal antibody 0-225 a similar rash was reported (2nd international anti-cancer Drug 
Discovery & Development summit: 2001, Princeton NJ). Given the structural distinction 
between Tarceva, Iressa, PKI-166. and the monoclonal antibody it is now believed in the art that 

25 inhibitors of the ertDBI receptor tyrosine kinase may be the cause of the dermal toxicity seen in a 
significant percentage of the patients using these agents in the dinic. In contrast, in clinical trials 
of Genentech's (South San Francisco, OA) tailor-made monoclonal antibody HERCEPTIN™for 
the erbB2 receptor tyrosine kinase no rash was observed. Accordingly, the ability of a small 
molecule to discriminate between the ert)B2 and eriaBI receptor may minimize or eliminate the 

30 occurrence of adverse events observed in clinical trials. This would provide a dramatic 
Improvement in the art. The disfiguring nature of the rash may lead to poor compliance in 
chemotherapy treatment. 

While Herceptin provided a means of treating patients in need of erbB2-related 
therapies with an agent that avoids this ert)B1 -related demrtal toxicity, there are significant 

35 drawbacks to this agent that limit its utility and general applicability. Herceptin carries a "Black 
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5 Box" warning relating to cardiomyopathy and hypersensitivity reactions including anaphylaxis. 
These later events are related to the fact that Herceptin is an antibody. 

Hence there is a compelling need for pharmaceuticafly relevant agents that can be used 
to treat erbB2-related disorders that avoid the erbSI-retated dermal toxicity and the 
hypersensitivity reactions seen with monoclonal antibodies such as Herceptin. Furthermore, a 

10 selective erbB2 will be useful for the treatment of diseases in which the erbB2 receptor is 
overexpressed, such as breast carcinomas and ovarian cancer. 

Gazit et al.. in the Journal of Medicinal Chemistry. 1991. vol.. 34. pages 1896-1907, refer 
to a number of tyrphostins, which were found to discriminate between the erbBI receptor 
tyrosine kinase and erbB2 receptor tyrosine kinase. However, the vast majority of the 

15 compounds referred to in Gazit et al. were selective for the erbBI receptor over the erbB2 
receptor. Furthennore. the compounds identified by Gazit were not particularly potent for either 
the erbBI or erbB2 receptor. More recently. WO 00/44728 (published August 3, 2000) and WO 
01/77107 (published October 18, 2001) refen-ed to compounds, which are useful as growth 
factor receptor tyrosine kinase (particularly HER2) inhibitors. It is highly desirable to have small 

20 molecule erbB2 inhibitors, which are able to selectively inhibit erbB2 over the other members of 
the erbB family, and in particular erbBI. The Inventors of the present invention now provide 
small molecules, which are both potent and highly selective ^inhibitors of ert)B2 receptor tyrosine 
kinase over the erbBI receptor tyrosine kinase. 



wo 03/049740 



PCT/IB02/04636 



-5- 



5 Summan/ of the Invention 

The present invention relates to a small nnolecule erbB2 inhibitor, wherein said erbB2 
inhibitor has a range of selectivities for erbB2 over erbBI between 50-1500. In a preferred 
embodiment of the present invention the erbB2 inhibitor has a range of selectivities for erbB2 
over erbBI between 60-1200. In a more preferred embodiment of the present invention the 
10 erbB2 inhibitor has a range of selectivities for erbB2 over erbBI between 80-1000. In an even 
more preferred embodiment of the present Invention the erbB2 inhibitor has a range of 
selectivities for erbB2 over erbBI between 90-500. In a most prefen-ed embodiment of the 
present invention the erbB2 inhibitor has a range of selectivities for erbB2 over erbBI between 
100-300. In the most preferred embodiment of the present invention the erbB2 inhibitor has a 
15 range of selectivities for erbB2 over erbBI between 1 10-200. 

In another specific embodiment of the present invention the erbB2 inhibitor has an 
IC50 of less than about 100 nM. In a more preferred embodiment of the present invention the 
erbB2 inhibitor has an ICso of less than about 50 nM. 

In one preferred embodiment of the present invention the small molecule erbB2 
20 inhibitor is selected from the group consisting of: 

N-{3-[4-(5-Methyl-6-phenoxy-pyridin-3-ylamino)-quinazolin-6-yl]-prop-2-ynyl}-2-oxo- 
proplonamlde 

E-cyciopropanecarboxyllc acid (3-{4-[3-methyl-4-(pyridin-3-ylO)cy)-phenytamino]- 
quinazoIin-6-yl}-allyl)-amide 
25 2-methoxy-N-(3-{4-[4-(3-methoxy-phenoxy)-3-methyl-phenylamino]-quinazolin-6-yl}- 
prop-2-ynyl)-acetamide 

E-cyclopropanecarboxylic acid {3-{4-(3-chloro-4-(6-methy1-pyridin-3-yloxy)- 
phenylamino]-quinazolin-6-yl}-allyl)-amide 

E-N-(3-{4-[3-chloro-4-(6-methyl-pyridin-3-yloxy)-phenylamino]-quinazolin-6-yl}-allyl)- 
30 acetamide 

E-5-methyl-isoxazole-3-carboxylic acid {3-{4-[3-methyl-4-(6-methyl-pyridin-3-yloxy)- 
phenylamlnol-quinazolin-6-yl}-allyl)-amide 

E-3-{4-[3-methyl-4-(pyridin-3-yloxy)-phenylamino]-quinazolin-6-yi}-allyl)-carbamic acid 
methyl ester 

35 3-methoxy-pyrroIidine-1-carboxylic acid (1 ,1 -dimethyl-3-{4-[3-methyl-4-{6-methyl- 

pyridin-3-yloxy)-phenylamino]-quinazolin-6-yl}-prop-2-ynyl)-amide 

E-2-methoxy-N-(3-{4-[3-methyl-4-(6-methyl-pyridin-3-yloxy)-phenylamino]-quinazoIin- 
6-yl}-allyI)-acetamide 

1-ethyl-3-(3-{4-[3-methyl-4-(pyridin-3-yloxy)-phenylaminol-quinazolin-6-yl}-prop-2- 
40 ynyl)-urea 

E-cyclopropanecarboxylic acid (3-{4-[3-methyl-4-(6-methyl-pyridin-3-yloxy)- 
phenylaminol-quinazolin-6-yl}-allyl)-amide 
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5 l-(344-[3H::hloro-4-(pyridin-3-y!oxy)-pheny!amino]-quinazolin-6-yl}-prop-2-ynyt)^^^ 
urea 

2- dimelhylamino-N-(3-{4-[3-methyl-4-(pyridin-3-yloxy)-phenyIaminoHuinazolin-^ 
prop-2-ynyl)-acetamide 

3- methyi-4-(pyridin-3-yioxyVphenyl]-(6-piperidin-4-ylelhynylHquina2olin-4-^ 
10 (3-{4-[3-methyl-4-(pyridln-3-yloxy)-phenylamino]-quinazolin-^-yl}-prop-2-ynyl 

carbamic acid methyl ester 

3-methyl-isoxazole-5-carboxylic acid (3-{4-[3-methy!-4-(6-methyl-pyridin-3-yloxy)- 
phenylannino]-quinazolin-6-yl}-prop-2-ynyl)-amide, 

and the pharmaceuticalty acceptable salts, prodrugs and solvates of the foregoing 
15 compounds. 

In a more preferred embodiment of the present Invention the erbB2 inhibitor Is 
selected from the group consisting of: 

E-cyclopropanecarboxyiic acid (3-{4-[3-methyl-4-(pyridin-3-yloxy)-phenylamino]- 
quinazolin-6-yl}-allyl)-amlde 
20 E-5-methyl-lsoxazole-3-carboxylic acid (3-{4-[3-methyl-4-(6-methyl-pyridin-3-yloxy)- 

phenylamlno]-qulnazolln-6-yl}*allyl)-amide 

E-(3-{4-[3-methyl-4-(pyrldln-3-yloxy)-phenylamlno]-qulnazolin-6-yl}-allyl)-carbamic acid 
methyl ester 

3-melhoxy-pyrroIidine-1 -carboxylic acid (1 , 1 -dimethyl-3-{4-I3-methyl-4-(6-methyI- 
25 pyridin-3-yloxy)-phenylamino)-quinazolin-6-yl)-prop-2-ynyl)-amide 

3-methyl-isoxa20le-5-carboxylic acid (3-{4-[3-methyl-4-(6-methyl-pyridin-3-yloxy)- 
phenylamino]-quinazolln-6-yl}-prop-2-ynyl)-amide, 

and the pharmaceutically acceptable salts, prodaigs and solvates of the foregoing 
compounds. 

30 In a most preferred embodiment of the present invention the erbB2 inhibitor is 

selected from the group consisting of: 

E-cycIopropanecarboxylic acid (3-{4-[3-methyl-4-{pyridin-3-yloxy)-phenylaminoJ- 
quinazolin-6-yl}-allyi)-amide 

E-(3-{4-[3-methyl-4-(pyridin-3-yloxy)-phenyIamino]-quinazolin-6-yl}-allyl)-carbamic acid 
35 methyl ester 

and the phamnaceutically acceptable salts, prodrugs and solvates of the foregoing 
compounds. 
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5 The present invention also relates to a small molecule erbB2 inhibitor, wherein said 

erbB2 inhibitor has a range of seleclivities for erbB2 over erbB1 between 50-1500 and Inhibits 
growth of tumor cells which overexpress erbB2 receptor in a patient treated with a 
therapeutically effective amount of said erbB2 inhibitor. 

In another embodiment of the present invention the erbB2 Inhibitor has a range of 

10 selectivities for erbB2 over erbBI between 60-1200 and inhibits growth of tumor cells which 
overexpress erbB2 receptor in a patient treated with a therapeutically effective amount of said 
erbB2 inhibitor. 

In another embodiment of the present invention the erbB2 inhibitor has a range of 
selectivities for erbB2 over erbBI between 80-1000 and inhibits growth of tumor cells which 
15 overexpress erbB2 receptor in a patient treated with a therapeutically effective amount of said 
erbB2 inhibitor. 

In another embodiment of the present Invention the erbB2 inhibitor has a range of 
selectivities for erbB2 over erbBI between 90-500 and inhibits growth of tumor cells which 
overexpress erbB2 receptor in a patient treated with a therapeutically effective amount of said 
20 erbB2 inhibitor. 

In a more preferred embodiment of the present invention the erbB2 inhibitor has a 
range of selectivities for erbB2 over erbBI between 100-300 and inhibits growth of tumor cells 
which overexpresses erbB2 receptor in a patient treated with a therapeutically effective 
amount of said erbB2 inhibitor. 
25 In a most preferred embodiment of the present invention the erbB2 inhibitor has a 

range of selectivities for erbB2 over erbBI between 1 10-200 and inhibits growth of tumor cells 
which overexpresses erbB2 receptor in a patient treated with a therapeutically effective 
amount of said erbB2 inhibitor. 

The present invention also relates to a method of treating abnormal cell growth in a 
30 mammal comprising administering to said mammal an amount of a small molecule erbB2 
Inhibitor that is effective in treating abnormal cell growth and said erbB2 inhibitor has a range 
of selectivities for erbB2 over erbBI between 50-1500. 

In another embodiment the present invention relates to a method of treating abnormal 
cell growth in a mammal comprising administering to said mammal an amount of a small 
35 molecule erbB2 inhibitor that is effective in treating abnormal cell growth and said erbB2 
inhibitor has a range of selectivities for erbB2 over erbBI between 60-1200. 

In another embodiment the present invention relates to a method of treating abnormal 
cell growth in a mammal comprising administering to said mammal an amount of a small 
molecule erbB2 inhibitor that is effective in treating abnormal cell growth and said erbB2 
40 inhibitor has a range of selectivities for erbB2 over erbBI between 80-1000. 

In another embodiment the present invention relates to a method of treating abnormal 
cell growth in a mammal comprising administering to said mammal an amount of a small 
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5 molecule erbB2 inhibitor that is effective in treating abnormal cell growth and said erbB2 
inhibitor has a range of selectivities for erbB2 over erbB1 between 90-500. 

In yet another embodiment the present invention relates to a method of treating 
abnormal cell growth in a mammal comprising administering to said mammal an amount of a 
small molecule erbB2 inhibitor that is effective in treating abnormal cell growth and said erbB2 
10 inhibitor has a range of selectivities for erbB2 over erbB1 between 100-300. 

In a most preferred embodiment the present invention relates to a method of treating 
abnonmal cell growth in a mammal comprising administering to said mammal an amount of a 
small molecule erbB2 inhibitor that is effective in treating abnormal cell growth and said erbB2 
Inhibitor has a range of selectivities for erbB2 over erbBI between 1 10-200. 
15 The present invention further relates to a method for the treatment of abnormal cell 

growth in a mammal comprising administering to said mammal an amount of an erbB2 inhibitor 
compound, which is selective for erbB2 over erbBI, that is effective in treating abnomial cell 
growth. 

In one preferred embodiment of the present invention the abnormal cell growth Is 

20 cancer. 

In one embodiment of the present the cancer is selected is selected from lung cancer, 
non small ceil lung (NSCL), bone cancer, pancreatic cancer, skin cancer, cancer of the head or 
neck, cutaneous or intraocular melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer 
of the anal region, stomach cancer, gastric cancer, colon cancer, breast cancer, uterine cancer, 

25 carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoma of the cervix, 
carcinoma of the vagina, carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus, 
cancer of the small intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer 
of the parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the 
urethra, cancer of the penis, prostate cancer, chronic or acute leukemia, lymphocytic 

30 lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal cell carcinoma, 
carcinoma of the renal pelvis, neoplasms of the central nervous system (CNS), colorectal 
cancer (CRC), primary CNS lymphoma, spinal axis tumors, brain stem glioma, pituitary 
adenoma, or a combination of one or more of the foregoing cancers. 

In a preferred embodiment of the present invention, cancer is selected from breast 

35 cancer, colon cancer, ovarian cancer, non small cell lung (NSCL) cancer, colorectal cancer 
(CRC), prostate cancer, bladder cancer, renal cancer, gastric cancer, endometrial cancer, 
head and neck cancer, and esophagel cancer. 

In a more preferred embodiment of the present invention, the cancer is selected from 
renal cell carcinoma, gastric cancer, colon cancer, breast cancer, and ovarian cancer. 

40 In a more prefen-ed embodiment, the said cancer Is selected from colon cancer, breast 

cancer or ovarian cancer. 
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5 Another embodiment of the present invention relates to method for the treatment of 

abnormal cell growth in a mammal which comprises administering to said mammal an amount of 
an erbB2 inhibitor, wherein said erbB2 inhibitor is selective for erbB2 over erbB1 . that is effective 
In treating abnormal cell growth in combination with an anti-tumor agent selected from the group 
consisting of mitotic inhibitors, alltylating agents, anti-metabolites, intercalating antibiotics, growth 
10 factor inhibitors, radiation, cell cycle inhibitors, enzymes, topoisomerase inhibitors, biological 
response modifiers, antibodies, cytotoxics, anti-hormones, and anti-androgens. 

A prefen-ed embodiment invention relates to a method for the treatment of abnormal cell 
growth in a mammal which comprises administering to said mammal an amount of an erbB2 
Inhibitor, wherein said erbB2 inhibitor is selective for erbB2 over erbBI . that is effective in treating 
1 5 abnomial cell growth in combination in combination with a cytotoxic. 

In one preferred embodiment of the present invention . the cytotoxic is Taxol® 
(paditaxel). 

The present invention further relates to a method for the treatment of abnonmal cell 
growth in a mammal which comprises administering to said mammal an amount of a compound 

20 of claim 1 that is effective in treating abnomnal cell growth in combination with a compound 
selected from the group consisting of Cyclophosphamide, 5-Fluorouracil. Floxuridine, 
Gemcltabine, Vinblastine, Vincristine, Daunorubicin, Doxorubicin. Epirubicin. Tamoxifen, 
Methylprednisolone. Cisplatin. Carboplatin, CPT- 1 1 , gemcitabine, paclitaxel, and docetaxel. 

In one preferred embodiment, the invention relates to a method for the treatment of 

25 abnormal cell growth in a mammal which comprises administering to said mammal an amount of 
a compound of daim 1 that is effective in treating abnormal cell growth in combination with a 
compound selected from the group consisting Tamoxifen. Cisplatin. Carboplatin, paclitaxel 
and docetaxel. 

The invention further relates to a phannaceutical composition for the treatment of 
30 abnormal cell growth in a mammal comprising an amount of an ert)B2 inhibitor, which is 
selective for erbB2 over ertjBI, that is effective in treating abnormal cell growth, and a 
pharmaceutically acceptable carrier. 

The present invention also relates to a method of treating abnormal cell growth in a 
mammal comprising administering to said mammal a small molecule erbB2 inhibitor in an 
35 amount that is effective in treating abnormal cell growth and said erbB2 inhibitor has a range 
of selectivities for erbB2 over erbBI between 50-1500 as measured by an in vitro cell assay. 

The present invention also relates to a method of treating abnormal cell growth in a 
mammal comprising administering to said mammal a small molecule erbB2 inhibitor in an 
amount that is effective in treating abnormal cell growth and said erbB2 inhibitor has a range 
40 of selectivities for erbB2 over eribBI between 60-1200 as measured by an In vitro cell assay. 

The present invention also relates to a method of treating abnormal cell growth In a 
mammal comprising administering to said mammal a small molecule eri3B2 inhibitor in an 
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5 amount that is effective in treating abnormal cell growth and said erbB2 inhibitor has a range 
of selectivities for erbB2 over erbBI between 80-1000 as measured by an in vitro cell assay. 

The present invention also relates to a method of treating abnormal cell growth in a 
mammal comprising administering to said mammal a small molecule erbB2 inhibitor in an 
amount that is effective in treating abnormal cell growth and said erbB2 inhibitor has a range 

10 of selectivities for erbB2 over erbBI between 90-500 as measured by an in vitro cell assay. 

The present Invention also relates to a method of treating abnormal cell growth in a 
mammal comprising administering to said mammal a small molecule erbB2 Inhibitor in an 
amount that is effective in treating abnormal cell growth and said erbB2 Inhibitor has a range 
of selectivities for erbB2 over erbBI between 100-300 as measured by an in vitro cell assay. 

15 The present invention also relates to a method of treating abnormal cell growth in a 

mammal comprising administering to said mammal a small molecule erbB2 inhibitor in an 
amount that Is effective In treating abnomrial cell growth and said erbB2 inhibitor has a range 
of selectivities for erbB2 over erbBI between 11 0-200 as measured by an in vitro cell assay. 

This invention also relates to a method for the treatment of abnormal cell growth in a 

20 mammal. Including a human, comprising administering to said mammal an amount of an ert)B2 
inhibitor, as defined above, or a pharmaceuticalty acceptable salt, solvate or prodmg thereof, that 
is effective in treating abnormal cell growth. In one embodiment of this method, the abnormal 
cell growth is cancer, including, but not limited to, non small cell lung (NSCL) cancer, bone 
cancer, pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous or intraocular 

25 melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region, stomach 
cancer, gastric cancer, colon cancer, breast cancer, uterine cancer, carcinoma of the fallopian 
tubes, carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vagina, 
carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus, cancer of the small 
intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the parathyroid 

30 gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the urethra, cancer of the 
penis, prostate cancer, chronic or acute leukemia, lymphocytic lymphomas, cancer of the 
bladder, cancer of the kidney or ureter, renal cell carcinoma, carcinoma of the renal pelvis, 
neoplasms of the central nervous system (CNS), primary CNS lymphoma, spinal axis tumors, 
brain stem glioma, pituitary adenoma, or a combination of one or more of the foregoing cancers. 

35 In another embodiment of said method, said abnormal cell growth is a benign proliferative 
disease, including, but not limited to. psoriasis, benign prostatic hypertrophy or restinosis. 

This invention also relates to a method for the treatment of abnormal cell growth in a 
mammal which comprises administering to said mammal an amount of an erbB2 inhibitor, as 
defined above, or a pharmaceutically acceptable salt, solvate or prodrug thereof, that is effective 

40 in treating abnormal cell growth in combination with an anti-tumor agent selected from the group 
consisting of mitotic inhibitors, alkylating agents, anti-metabolites, intercalating antibiotics, growth 
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5 factor inhibitors, cell cyde Inhibitors, enzymes, topoisomerase Inhibitors, biological response 
modifiers, antibodies, cytotoxics, anti-hormones, and anti-androgens. 

This invention also relates to a pharmaceutical composition for the treatment of 
abnormal cell growth in a mammal, including a human, comprising an amount of an erbB2 
inhibitor, as defined above, or a pharmaceutically acceptable salt, solvate or prodrug thereof, that 

10 is effective in treating abnormal cell gro\wth. and a phamnaceutically acceptable carrier. In one 
embodiment of said composition, said abnormal cell growth is cancer, including, but not limited 
to, lung cancer, non small cell lung (NSCL). bone cancer, pancreatic cancer, skin cancer, 
cancer of the head or neck, cutaneous or intraocular melanoma, uterine cancer, ovarian cancer, 
rectal cancer, cancer of the anal region, stomach cancer, gastric cancer, colon cancer, breast 

15 cancer, uterine cancer, carcinoma of the fallopian tubes, carcinoma of the endometrium, 
carcinoma of the cervix, carcinoma of the vagina, carcinoma of the vulva, Hodgkin's Disease, 
cancer of the esophagus, cancer of the small Intestine, cancer of the endocrine system, cancer 
of the thyroid gland, cancer of the parathyroid gland, cancer of the adrenal gland, sarcoma of soft 
tissue, cancer of the urethra, cancer of the penis, prostate cancer, chronic or acute leukemia, 

20 lymphocytfc lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal cell 
carcinoma, carcinoma of the renal pelvis, neoplasms of the central nervous system (CNS), 
primary CNS lymphoma, spina! axis tumors, brain stem glioma, pituitary adenoma, or a 
combination of one or more of the foregoing cancers. In another embodiment of said 
pharmaceutical composition, said abnomnal cell growth is a benign proliferative disease, 

25 including, but not limited to. psoriasis, benign prostatic hypertrophy or restinosis. 

The invention also relates to a pharmaceutical composition for the treatment of 
abnonmal cell growth in a mammal, including a human, which comprises an amount of an erbB2 
inhibitor, as defined above, or a pharmaceutically acceptable salt, solvate or prodrug thereof, that 
is effective in treating abnormal cell growth in combination with a phamnaceutically acceptable 

30 earner and an anti-tumor agent selected from the group consisting of mitotic inhibitors, alkylating 
agents, anti-metabolites, intercalating antibiotics, growth factor inhibitors, cell cycle inhibitors, 
enzymes, topoisomerase inhibitors, biological response modifiers, anti-hormones, and anti- 
androgens. 

The invention also relates to a method for treating a mammal having cancer 
35 characterized by an overexpression of erbB2, comprising administering to the mammal a small 
molecule erbB2 inhibitor in an amount that is effective in treating said cancer characterized by 
the overexpression of erbB2. and said erbB2 inhibitor is selective for erbB2 over erbBI at any 
of the ratios and with any of the IC50 identified herein. 

The invention also relates to a method for treating a mammal having a disease 
40 characterized by an overexpression of erbB2, comprising administering to the mammal a small 
molecule erbB2 inhibitor in an amount that is effective in treating a disease characterized by 
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5 the overexpression of erbB2. and said erbB2 inhibitor is selective for erbB2 over erbB1 at any 
of the ratios and with any of the IC50 identified herein. 

The invention also relates to a method inducing cell death connprising exposing a cell 
which overexpresses erbB2 to an effective amount of an erbB1 -sparing erbB2 inhibitor. In 
one embodiment the cell is a cancer cell in a mammal, preferably a human. 
10 In another embodiment the present invention relates to a method inducing cell death 

comprising exposing a cell which overexpresses erbB2 to an effective amount of an erbBI- 
sparing erbB2 inhibitor and said method further comprises exposing the cell to a growth 
inhibitory agent. 

In one preferred embodiment the cell is exposed to a chemotherapeutic agent or 
15 radiation. 

The invention further relates to a method of treating cancer in a human, wherein the 
cancer expresses the erbB2 receptor, comprising administering to the human a therapeutically 
effective amount of an erbB2 inhibitor that has reduced affinity for the erbBI receptor. In one 
preferred embodiment of the present Invention the cancer is not characterized by 

20 overexpression of erbBI receptor. In another preferred embodiment the cancer is 
characterized by overexpression of the erbBI and erbB2 receptor. 

This invention also relates to a method for the treatment of a disorder associated with 
angiogenesis in a mammal, including a human, comprising administering to said mammal an 
amount of an ert3B2 inhibitor, as defined above, or a pharmaceutically acceptable salt, solvate or 

25 prodrug thereof, that is effective in treating said disorder. Such disorders include cancerous 
tumors such as melanoma; ocular disorders such as age-related macular degeneration, 
presumed ocular histoplasmosis syndrome, and retinal neovascularization firom proliferative 
diabetic retinopathy, rheumatoid arthritis: bone loss disorders such as osteoporosis. Pagefs 
disease, humoral hypercalcemia of malignancy, hypercalcemia from tumors metastatic to bone. 

30 and osteoporosis induced by glucocorticoid treatment; coronary restenosis; and certain microbial 
infections including those associated with microbial pathogens selected from adenovirus, 
hantaviruses. Borrelia burgdorferi. Yersinia spp.. Bordetella pertussis, and group A 
Streptococcus. 

This invention also relates to a method of (and to a pharmaceutical composition for) 
35 treating abnormal cell growth in a mammal which comprise an amount of an ert3B2 inhibitor, as 
defined above, or a pharmaceutically acceptable salt, solvate or prodrug thereof, and an 
amount of one or more substances selected from anti-anglogenesis agents, signal 
transduction inhibitors, and antiproliferative agents, which amounts are together effective in 
treating said abnormal cell growth. 
40 Anli-angiogenesis agents, such as MMP-2 (matrix-metalloprotienase 2) inhibitors. 

MMP-9 (matrix-metalloprotienase 9) inhibitors, and COX-II (cyclooxygenase II) inhibitors, can 
be used in conjunction with an amount of an erbB2 inhibitor, as defined above, in the methods 
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5 and pharmaceutical compositions described herein. Examples of useful COX-il Inhibitors 
Include CELEBREX^" (alecoxib). valdecoxib, and rofecoxib. Examples of useful matrix 
metalloproteinase Inhibitors are described in WO 96/33172 (published October 24. 1996). WO 
96/27583 (published March 7, 1996), European Patent /Application No. 97304971.1 (filed July 8, 
1997). European Patent /Application No. 99308617,2 (filed October 29. 1999), WO 98/07697 

10 (published February 26, 1998). WO 98/03516 (published January 29, 1998), WO 98/34918 
(published /Vugust 13. 1998). WO 98/34915 (published August 13. 1998). WO 98/33768 
(published August 6. 1998), WO 98/30566 (published July 16. 1998). European Patent 
Publication 606.046 (published July 13. 1994). European Patent Publication 931.788 (published 
July 28. 1999). WO 90/05719 (published May 331. 1990), WO 99/52910 (published October 21. 

15 1999), WO 99/52889 (published October 21. 1999). WO 99/29667 (published June 17. 1999). 
PCT International /Application No. PCT/IB98/01113 (filed July 21. 1998). European Patent 
Application No. 99302232.1 (filed March 25, 1999), Great Britain patent application number 
9912961.1 (filed June 3, 1999), United States Provisional ApplicaUon No. 60/148,464 (filed 
August 12, 1999), United States Patent 5.863.949 (issued January 26, 1999). United States 

20 Patent 5,861.510 (issued January 19, 1999), and European Patent Publication 780.386 
(published June 25, 1997). all of which are herein incorporated by reference in their entirety. 
Prefen-ed MMP-2 and MMP-9 inhibitors are those that have little or no activity inhibiting MMP-1. 

More preferred, are those that selectively inhibit MMP-2 and/or MMP-9 relative to the 
other matrix-metalloproteinases {Le. MMP-1. MMP-3. MMP-4. MMP-5. MMP-6, MMP-7. MMP-8. 

25 MMP-10, MMP-1 1. MMP-12. and MMP-13). 

Some specific examples of MMP inhibitors useful In combination with the compounds 
of the present invention are AG-3340, RO 32-3555, RS 13-0830. and the compounds recited 
In the following list: 

3-[[4-(4.fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxycarbamoyl-cyclopentyl)-aminol- 
30 propionic acid; 

3-exo-3-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-8-oxa-bicyclo[3.2.1]octane-3- 

carboxyiic acid hydroxyamide; 

(2R, 3R) i.[4-(2-chloro-4-fluoro-ben2yIoxy)-benzenesulfonyI]-3-hydroxy-3-methyl- 

piperidine-2-carboxylic acid hydroxyamide; 
35 4-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-tetrahydro-pyran-4-carboxylic acid 

hydroxyamide; 

3- [[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxycarbamoyl-cyclobutyl)-amino]- 
propionic acid; 

4- [4-(4-chloro-phenoxy)-benzenesulfonylaminol-tetrahydro-pyran-4-carboxylic acid 
40 hydroxyamide; 

3-[4-(4-chIoro-phenoxy)-benzenesulfonylamino]-tetrahydro-pyran-3-carboxylic acid 
hydroxyamide; 
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5 (2R, 3R) 1 -{4-(4-fluoro-2-methyl-ben2yloxy)-benzenesulfonyl]-3-hydroxy-3-methyl- 

piperidjne-2-carboxylic acid hydroxyamide; 

3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1 -hydroxycarbamoyl-1 -melhyl-ethyl)- 
amino]-propionic acid; 

3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(4-hydroxycarbamoyl-letrahydro-pyran-4-yi)- 
1 0 aminoj-proplonic acid; 

3-exo-3-[4-(4H:;hloro-phenoxy)-ben2enesulfonylarnino]-8-oxa-bicyclo[3,2.1loctane-3- 
carboxylic acid hydroxyamide; 

3-endo-3-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-8-cxa-bicyclo[3.2.1]octane-3- 
carboxytic acid hydroxyamide; and 
1 5 3-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-tetrahydro-furan-3-carboxylic acid 

hydroxyamide; 

and pharmaceutically acceptable sails, solvates and prodrugs of said compounds. 
The erbB2 compounds as defined above, and the pharmaceutically acceptable salts, 
solvates and prodrugs thereof, can also be used in combination with signal transduction 

20 inhibitors, such as VEGF (vascular endothelial grov^h factor) inhibitors; and erbB2 receptor 
inhibitors, such as organic molecules or antibodies that bind to the erbB2 receptor, for 
example. HERCEPTIN™ (Genentech, Inc. of South San Francisco. California. USA). 

VEGF Inhibitors, for example SU-5416 and SU-6668 (Sugen Inc. of South San 
Francisco, California. USA), can also be combined with a erbB2 compound as defined above. 

25 VEGF inhibitors are described in. for example in WO 99/24440 (published May 20. 1999), 
POT Intemational Application PCT/IB99/00797 (filed May 3, 1999), in WO 95/21613 (published 
AagusX 17. 1995). WO 99/61422 (published December 2. 1999), United States Patent 6.834,504 
(issued November 10, 1998). WO 98/50356 (published November 12, 1998). United States 
Patent 5,883,113 (issued March 16, 1999), United States Patent 5.886,020 (issued March 23. 

30 1999), United States Patent 5,792,783 (issued August 11. 1998). WO 99/10349 (published 
March 4. 1999). WO 97/32856 (published September 12, 1997). WO 97/22596 (published June 
26, 1997). WO 98/54093 (published December 3. 1998), WO 98/02438 (published January 22, 
1998). WO 99/16755 (published April 8. 1999). and WO 98/02437 (published January 22. 1998), 
all of which are herein incorporated by reference in their entirety. Other examples of some 

35 specific VEGF inhibitors are IM862 (Gytran Inc. of Kirkland. Washington, USA); anti-VEGF 
monoclonal antibody of Genentech, Inc. of South San Francisco. California; and angiozyme, a 
synthetic ribozyme from Ribozyme (Boulder, Colorado) and Chiron (Emeryville, California). 

ErbB2 receptor inhibitors, such as GW-282974 (Glaxo Wellcome pic), and the 
monoclonal antibodies AR-209 (Aronex Phamiaceuticals Inc. of The Woodlands. Texas. USA) 

40 and 2B-1 (Chiron), may be administered in combination with a compound of formula 1. Such 
erbB2 inhibitors include those described in WO 98/02434 (published January 22, 1998), WO 
99/35146 (published July 15, 1999). WO 99/35132 (published July 15. 1999). WO 98/02437 



wo 03/049740 



PCT/IB02/04636 



-15- 



5 (published January 22. 1998). WO 97/13760 (published April 17.. 1997). WO 95/19970 
(published July 27. 1995). United States Patent 5.587,458 (issued December 24, 1996). and 
United States Patent 5.877,305 (issued March 2. 1999), each of which is herein incorporated 
by reference in its entirety. ErbB2 receptor inhibitors useful in the present Invention are also 
described in United States Provisional Application No. 60/117.341. filed January 27. 1999. and 

10 in United States Provisional /application No. 60/1 17.346, filed January 27. 1999, both of which 
are herein incorporated by reference in their entirety. 

Other antiproliferative agents that may be used with the compounds of the present 
invention Include Inhibitors of the enzyme farnesyl protein transferase and inhibitors of the 
receptor tyrosine kinase PDGFr. including the compounds disclosed and claimed in the 

15 following United States patent applications: 09/221946 (filed December 28. 1998); 09/454058 
(filed December 2, 1999); 09/501163 (filed February 9, 2000); 09/539930 (filed March 31. 
2000); 09/202796 (filed May 22, 1997); 09/384339 (filed August 26. 1999); and 09/383755 
(filed August 26. 1999); and the compounds disclosed and claimed In the following United 
States provisional patent applications: 60/168207 (filed November 30. 1999); 60/170119 (filed 

20 December 10. 1999); 60/177718 (filed January 21, 2000); 60/168217 (filed November 30. 
1999), and 60/200834 (filed May 1. 2000). Each of the foregoing patent applications and 
provisional patent applications is herein incorporated by reference in their entirety. 

An erbB2 inhibitor as define above may also be used with other agents useful In 
treating abnormal cell growth or cancer, Including, but not limited to, agents capable of 

25 enhancing antitumor Immune responses, such as CTLA4 (cytotoxic lymphocite antigen 4) 
antibodies, and other agents capable of blocking CTLA4; and antl-prollferative agents such as 
other farnesyl protein transferase inhibitors, for example the farnesyl protein transferase 
inhibitors described in the references cited In the "Background" section, supra. Specific 
CTLA4 antibodies that can be used in the present invention Include those described In United 

30 States Provisional Application 60/113.647 (filed December 23. 1998) which is herein 
Incorporated by reference In Its entirety. 

"/Abnormal cell growth", as used herein, unless otherwise Indicated, refers to cell growth 
that is independent of normal regulatory mechanisms (e.g.. loss of contact inhibition). This 
includes the abnormal growth of: (1) tumor cells (tumors) that proliferate by expressing a 

35 mutated tyrosine kinase or overexpression of a receptor tyrosine kinase; (2) benign and 
malignant cells of other proliferative diseases in which aberrant tyrosine kinase activation occurs; 
(4) any tumors that proliferate by receptor tyrosine kinases; (5) any tumors that proliferate by 
aberrant serine/threonine kinase activation; and (6) benign and malignant cells of other 
proliferative diseases in which aberrant serine/threonine kinase activation occurs.. 

40 A small molecule as used herein refers to non-DNA. non-RNA. non-polypeptide and 

non-monoclonal antibody molecules with a molecular weight of under 1000 AMV. Prefenred 
small molecules are selective for erbB2 over erbBI at a ratio of at least about 100:1 . 
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5 The term 'Seating", as used herein, unless otherwise indicated, nneans reversing, 

alleviating, inhibiting the progress of, or preventing the disorder or condition to which such term 
applies, or one or more symptoms of such disorder or condition. The term "treatmenf, as used 
herein, unless othenwse indicated, refers to the act of treating as "treating" Is defined 
immediately above. 

10 The term "erbBI -sparing", as used herein, unless othenwise indicated, means an 

inhibitor that demonstrates activity against various versions and homologs of the mamalian 
erbB2-related kinase, or cells expressing the erbB2 receptor with reduced or no activity against 
the corresponding erbB1 -related kinases or cells. This reduction is expressed in the form of a 
selectivity ratio as defined previously. 

15 The phrase "phanmaceutically acceptable sa!t(s)". as used herein, unless othenMse 

indicated, includes salts of acidic or basic groups which may be present in the compounds of the 
present invention. The compounds of the present invention that are basic in nature are capable 
of forming a wide variety of salts with various inorganic and organic acids. The acids that may be 
used to prepare pharmaceutically acceptable acid addition salts of such basic compounds of are 

20 those that form non-toxic acid addition salts. Le,, salts containing pharmacologically acceptable 
anions, such as the hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, bisulfate, 
phosphate, acid phosphate, isonicotinate, acetate, lactate, salicylate, citrate, acid citrate, tartrate, 
pantothenate, bitartrate, ascorbate, succinate, maleate. gentisinate. fumarate, gluconate, 
glucuronate, saccharate, formate, benzoate, glutamate, methanesulfonate, ethanesulfonate, 

25 benzenesulfonate, p-toluenesutfonate and pamoate [Le.. 1,V-methyIene-bis-(2-hydroxy-3- 
naphthoate)] salts. The compounds of the present invention that include a basic moiety, such as 
an amino group, may form pharmaceutically acceptable salts with various amino acids, in 
addition to the acids mentioned above. 

Those compounds of the present invention that are acidic in nature are capable of 

30 forming base salts with various pharmacologically acceptable cations. Examples of such salts 
include the alkali metal or alkaline earth metal salts and. particulariy, the calcium, magnesium, 
sodium and potassium salts of the compounds of the present invention. 

Certain functional groups contained within the compounds of the present invention can 
be substituted for bioisosteric groups, that is. groups which have simitar spatial or electronic 

35 requirements to the parent group, but exhibit differing or improved physicochemical or other 
properties. Suitable examples are well known to those of skill in the art, and include, but are not 
limited to moieties described in Patini et al., Chem. Rev, 1996, 96, 3147-3176 and references 
cited therein. 

The compounds of the present invention have asymmetric centers and therefore exist in 
40 different enantiomeric and diastereomeric forms. This invention relates to the use of all optical 
isomers and stereoisomers of the compounds of the present invention, and mixtures thereof, 
and to all phanmaceutical compositions and methods of treatment that may employ or contain 
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5 them. The compounds of the present invenUon may also exist as tautomers. This invention 
relates to the use of all such tautomers and mixtures thereof. 

The subject invention also includes isotopically-labelled compounds, and the 
pharmaceutically acceptable salts, solvates and prodrugs thereof, which are identical to those 
recited above, but for the fact that one or more atoms are replaced by an atom having an 
10 atomic mass or mass number different from the atomic mass or mass number usually found 
in nature. Examples of isotopes that can be incorporated into compounds of the invention 
include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine and chlorine, 
such as ^H, ^H, '^C. ^^C. ^^N. '*0. '^O, ^S. and ^Cl, respectively. Compounds of the 
present Invention, prodrugs thereof, and pharmaceutically acceptable salts of said compounds 
15 or of said prodmgs which contain the aforementioned isotopes iand/or other isotopes of other 
atoms are within the scope of this invention. Certain isotopically-labelled compounds of the 
present invention, for example those into which radioactive isotopes such as and C are 
incorporated, are useful in drug and/or substrate tissue distribution assays. Tritiated, i.e.. ^H. 
and carbon-14, i.e.. ''C. isotopes are particularly preferred for their ease of preparation and 
20 detectability. Further, substitution with heavier isotopes such as deuterium, i.e., ^H. can afford 
certain therapeutic advantages resulting from greater metabolic stability, for example 
increased in vivo half-life or reduced dosage requirements and. hence, may be preferred in 
some circumstances. Isotopically labelled compounds of identified above and prodrugs 
thereof can generally be prepared by carrying out the procedures disclosed In the Schemes 
25 and/or in the Examples and Preparations below, by substituting a readily available isotopically 
labelled reagent for a non-isotopically labelled reagent. 

This invention also encompasses phannaceutical compositions containing and methods 
of treating bacterial infections through administering prodmgs of compounds of the present 
invention. Compounds of present invention may have free amino, amido. hydroxy or cart)oxylic 
30 groups can be converted into prodmgs. Prodrugs include compounds wherein an amino acid 
residue, or a polypeptide chain of two or more (e.g.. two, three or four) amino acid residues is 
covalentiy joined through an amide or ester bond to a free amino, hydroxy or cart5oxyiic acid 
group of compounds of the present invention. The amino acid residues include but are not 
limited to the 20 naturally occurring amino acids commonly designated by three letter symbols 
35 and also includes 4-hydroxyproline, hydroxylysine, demosine, isodemosine, 3-methylhistidine, 
norvalin. beta-alanine, gamma-aminobutyric acid, citmlline homocysteine, homoserine. ornithine 
and methionine sulfone. Additional types of prodrugs are also encompassed. For instance, free 
carboxyl groups can be derivatized as amides or aikyl esters. Free hydroxy groups may be 
derivatlzed using groups including but not limited to hemisuccinates. phosphate esters. 
40 dimelhytaminoacetates, and phosphoryloxymethyioxycarbonyls. as outlined in Advanced Dmg 
Delivery Reviews, 1996. 19, 115. Carbamate prodrugs of hydroxy and amino groups are also 
included, as are carbonate prodrugs, sulfonate esters and sulfate esters of hydroxy groups. 
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5 Derivatizatlon of hydroxy groups as (acyloxy)methyl and (acyloxy)ethyl ethers wherein the acyl 
group may be an alkyl ester, optionally substituted with groups including but not limited to ether, 
amine and carboxylic acid functionalities, or where the acyl group is an amino acid ester as 
described above, are also encompassed. Prodrugs of this type are described in J. Med, Chem, 
1996, 39. 10. Free amines can also be derivatized as amides, sulfonamides or 
10 phosphonamides. All of these prodrug moieties may incorporate groups including but not limited 
to ether, amine and carboxylic acid functionalities. 
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SCHEME 1 
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5 Detailed Descrip^on Of The Invention 

General synthetic methods which may be referred to for preparing the compounds of 
the present invention are provided In United States patent 5.747,498 (issued May 5. 1998). 
United States patent application serial number 08/953078 (filed October 17, 1997). WO 
98/02434 (published January 22, 1998), WO 98/02438 (published January 22, 1998). WO 

10 98/40142 (published December 19, 1996). WO 96/09294 (published March 6, 1996), WO 
97/03069 (published January 30, 1997). WO 95/19774 (published July 27, 1995) and WO 
97/13771 (published April 17. 1997). Additional procedures are referred to in United States 
patent application numbers 09/488,350 (filed January 20. 2000) and 09/488.378 (filed January 
20, 2000). The foregoing patents and patent applications are incorporated herein by reference in 

15 their entirety. Certain starting materials may be prepared according to methods familiar to those 
skilled in the art and certain synthetic modifications may be done according to methods familiar 
to those skilled in the art. A standard procedure for preparing 6-iodoquina2ol!none is provided 
in Stevenson, T. M., Kazmierczak, F.. Leonard, N. J.. J. Org. Chem. 1986, 51, 5. p. 616. 
Palladium-catalyzed boronic acid couplings are described in Miyaura. N., Yanagi, T.. Suzuki, 

20 A. Syn. Comm. 1981. 11, 7. p. 513. Palladium catalyzed Heck couplings are described in 
Heck et. al. Organic Reactions. 1982, 27. 345 or Cabri et. ai. in Acc. Chem. Res. 1995, 28, 2. 
For examples of the palladium catalyzed coupling of terminal alkynes to aryl halides see: 
Castro et. al. J. Org. Chem. 1963, 28, 3136. or Sonogashira et. al. Synthesis, 1977, 777. 
Terminal alkyne synthesis may be performed using appropriately substituted/protected 

25 aldehydes as described in: Colvin. E. W. J. et. al. Chem. Soc. Perkin Trans. I. 1977, 869; 
Gilbert, J. C. et. al. J. Org. Chem.. 47. 10. 1982; Hauske. J. R. et. al. Tet. Lett.. 33. 26, 1992. 
3715; Ohira. S. eL al. J. Chem. Soc. Chem. Commun.. 9. 1992. 721; Trost. B. M. J. Amer. 
Chem. Soc. 119. 4. 1997, 698; or Marshall. J. A. et al. J. Org. Chem.. 62. 13. 1997. 4313. 

Alternatively terminal alkynes may be prepared by a two step procedure. First, the 

30 addition of the lithium anion of TMS (trimethylsilyl) acetylene to an appropriately 
substituted/protected aldehyde as in: Nakatani, K. et. al. Tetrahedron. 49, 9, 1993, 1901. 
Subsequent deprotection by base may then be used to Isolate the intermediate terminal 
alkyne as in Malacria. M.; Tetrahedron, 33, 1977, 2813; or White. J. D. et. al. TeL Lett.. 31, 1. 
1990.59. 

35 Starting materials, the synthesis of which is not specifically described above, are either 

commercially available or can be prepared using methods well known to those of skill in the art. 

In each of the reactions discussed or illustrated in the Schemes above, pressure is not 
critical unless othen^/ise indicated. Pressures from about 0.5 atmospheres to about 5 
atmospheres are generally acceptable, and ambient pressure. Ke,. about 1 atmosphere, is 

40 preferred as a matter of convenience. 
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5 With reference to Scheme 1 above, the compound of formula 1 may be prepared by 

coupling the compound of formula D wherein R* and are defined above, with an amine of 
formula E wherein r\ and R" are as defined above, in an anhydrous solvent, in particular a 
solvent selected from DMF (N,N-dimethylfbmiamide). DME (ethylene glycol dimethyl ether). 
DCE (dichloroethane) and f-butanol. and phenol, or a mixture of the foregoing solvents, a 

10 temperature within the range of about SO-ISCC for a period ranging from 1 hour to 48 hours. 
The heteroaryloxyanilines of fomiula E may be prepared by methods known to those skilled in 
the art. such as, reduction of the corresponding nitro intermediates. Reduction of aromatic 
nitro groups may be performed by methods outlined in Brown. R. K.. Nelson. N. A. J. Org. 
Chem. 1954. p. 5149; Yuste. R.. Saldana. M. Walls. F.. Tet. Lett. 1982. 23. 2. p. 147: or in 

15 WO 96/09294, referred to above. /Vppropriate heteroaryloxy nitrobenzene derivatives may be 
prepared from halo nitrobenzene precursors by nudeophilic displacement of the halide with an 
appropriate alcohol as described in Dinsmore. C.J. et. a!.. Bioorg. Med. Chem. Lett., 7. 10. 
1997, 1345: Loupy. A. et. a!., Synth. Commun.. 20, 18. 1990, 2855: or Brunelle, D. J„ Tet. 
Lett., 25. 32. 1984, 3383. Compounds of formula E in which R^ is a C,-Ce alkyi group may be 

20 prepared by reductive amination of the parent aniline with R'CH(0). The compound of formula 
D may be prepared by treating a compound of fomiula C. wherein Z' is an activating group, such 
as bromo. iodo. -Nz. or -OTf (which is -OSO2CF3). or the precursor of an activating group such 
as NO2. NH2 or OH. with a coupling partner, such as a temninal alkyne. terminal alkene. vinyl 
halide. vinyl stannane. vinylborane. alkyI borane. or an alkyI or alkenyf zinc reagent. The 

25 compound of formula C can be prepared by treating a compound of fonnula B with a chlorinating 
reagent such as POCI3. SOCI^ or CIC(0)C(0)CI/DMF in a halogenated solvent at a temperature 
ranging from about 60°C to 1 SO'C for a period ranging from about 2 to 24 hours. Compounds of 
fonnula B may be prepared from a compound of fomiula A wherein is as described above 
and Z* is NHj. C-Cg alkoxy or OH. according to one or more procedures described in WO 

30 95/1 9774, refen^d to above. 

Any compound described above can be converted into another compound by standard 

manipulations to the R" group. These methods are known to those skilled in the art and include 

a) removal of a protecting group by methods outlined in T. W. Greene and P.G.M. Wuls. 

"Protective Groups in Organic Synthesis", Second Edition. John Wiley and Sons. New York. 
35 1991; b) displacement of a leaving group (halide. mesylate, tosylate. etc) with a primary or 

secondary amine, thiol or alcohol to fomi a secondary or tertiary amine, thioether or ether. 

respectively: c) treatment of phenyl (or substituted phenyl) cartiamates with primary of secondary 

amines to fomi the corresponding ureas as in Thavonekham, B et. al. Synthesis (1997), 10. 

pi 189: d) reduction of propargyl or homopropargyl alcohols or N-BOC protected primary amines 
40 to the corresponding E-allytIc or E-homoallyllc derivatives by treatment with sodium bis(2- 

methoxyethoxy)aluminum hydride (Red-Al) as in Denmark. S. E.: Jones. T. K. J. Org. Chem. 
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5 0982) 47, 4595-4597 or van Benthem, R. A. T. M.; Michels. J, J.; Speckamp. W. N. Synlett 
(1994). 368-370; e) reduction of alkynes to the con-esponding Z-alkene derivatives by treatment 
hydrogen gas and a Pd catalyst as in Tomassy, B. et. al. Synth. Commun. (1998). 28, pi 201 f) 
treatment of primary and secondary amines with an isocyanate. acid chloride (or other activated 
carboxylic acid derivative), alkyl/aryl chloroformate or sulfonyi chloride to provide the 

10 con-esponding urea, amide, carbamate or sulfonamide; g) reductive amination.of a primary or 
secondary amine using R'CH(O); and h) treatment of alcohols with an isocyanate. acid chloride 
(or other acUvated carboxylic acid derivative), alkyl/aryl chlorofomiate or sulfonyi chloride to 
provide the corresponding carbamate, ester, carbonate or sulfonic add ester. 

The compounds of the present invention may have asymmetric carbon atoms. 

15 Diasteromeric mixtures can be separated into their individual diastereomers on the basis of their 
physical chemical differences by methods known to those skilled in the art. for example, by 
chromatography or fracUonal crystallization. Enantiomers can be separated by converting the 
enantiomeric mixtures into a diastereomric mixture by reacUon with an appropriate optically 
active compound (e.g.. alcohol), separating the diastereomers and converting (e.g., hydrolyzing) 

20 the individual diastereomers to the corresponding pure enantiomers. All such isomers, including 
diastereomeric mixtures and pure enanUomers are considered as part of the invention. 

The compounds of present Invention that are basic in nature are capable of fomiing a 
wide variety of different salts with various inorganic and organic acids. Although such salts must 
be phamiaceutically acceptable for administration to animals, it is often desirable in practice to 

25 initially isolate the compound of present invention from the reaction mixture as a 
phannaceutically unacceptable salt and then simply convert the latter back to the free base 
compound by treatment with an alkaline reagent and subsequently convert the latter free base to 
a pharmaceutically acceptable acid addition salt. The acid addition salts of the base compounds 
of this invention are readily prepared by treating the base compound with a substantially 

30 equivalent amount of the chosen mineral or organic acid in an aqueous solvent medium or in a 
suitable organic solvent, such as methanol or ethanol. Upon careful evaporation of the solvent, 
the desired solid salt is readily obtained. The desired acid salt can also be precipitated from a 
solution of the free base in an organic solvent by adding to the solution an appropriate mineral or 
organic acid. 

35 Those compounds present invention that are acidic in nature are capable of forming 

base salts with various phannacologically acceptable cations. Examples of such salts include 
the alkali metal or alkaline-earth metal salts and particularty. the sodium and potassium salts. 
These salts are all prepared by convenUonal techniques. The chemical bases which are used as 
reagents to prepare the phamnaceutically acceptable base salts of this invention are those which 

40 form non-toxic base salts with the acidic compounds of the present invention. Such non-toxic 
base salts include those derived from such phanmacologically acceptable cations as sodium, 
potassium calcium and magnesium, etc. These salts can easily be prepared by treating the 
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5 corresponding acidic compounds with an aqueous solution containing the desired 
phannacologically acceptable cations, and then evaporating the resulting solution to dryness, 
preferably under reduced pressure. Alternatively, they may also be prepared by mixing lower 
alkanolic solutions of the acidic compounds and the desired alkali metal alkoxide together, and 
then evaporating the resulting solution to dryness in the same manner as before. In either case. 

10 stoichiometric quantities of reagents are preferably employed in order to ensure completeness of 
reaction and maximum yields of the desired final product. Since a single compound of the 
present invention may include more than one acidic or basic moieties, the compounds of the 
present Invention may include mono, di or tri-salts in a single compound. 

The compounds of the present invention are potent inhibitors of the erbB family of 

15 oncogenic and protooncogenic protein tyrosine kinases, in particular erbBZ, and thus are all 
adapted to therapeutic use as antiproliferative agents (e^. anticancer) in mammals, particulariy 
in humans. In particular, the compounds of the present invention are useful in the prevention 
and treatment of a variety of human hyperproliferative disorders such as malignant and benign 
tumors of the liver, kidney, bladder, breast, gastric, ovarian, colorectal, prostate, pancreatic, lung, 

20 vulval, thyroid, hepatic carcinomas, sarcomas, glioblastomas, head and neck, and other 
hyperplastic conditions such as benign hyperplasia of the skin (e^fl,, psoriasis) and benign 
hyperplasia of the prostate (e^. BPH). It is. in addition, expected that a compound of the 
present invention may possess activity against a range of leukemias and lymphoid malignancies. 
The compounds of the present invention may also be useful in the treatment of 

25 additional disorders in which abenrant expression ligand/receptor interactions or activation or 
signalling events related to various protein tyrosine kinases, are involved. Such disorders may 
include those of neuronal, glial, astrocytal, hypothalamic, and other glandular, macrophagal, 
epithelial, stromal, and blastocoelic nature in which aben^nt function, expression, activation or 
signalling of the erbB tyrosine kinases are involved. In addition, the compounds of the present 

30 invention may have therapeutic utility in inflammatory, angiogenic and immunologic disorders 
involving both identified and as yet unidentified tyrosine kinases that are inhibited by the 
compounds of the present invention. 

The ability of small molecules, their phanmaceutically acceptable salts, prodrugs and 
solvates to inhibit the ert5B2 tyrosine kinase receptor and the erbBI tyrosine kinase receptor, and 

35 consequently, demonstrate their effectiveness for treating diseases characterized by erbB2 is 
shown by the following in vitro cell assay test. 

The in vitro activity of small molecule compounds as erbB kinase inhibitors in intact cells 
may be determined by the following procedure. Cells, for example 3T3 cells transfected with 
human EGFR (Cohen et al. J. Virology 67:5303. 1993) or with chimeric EGFR/ert5B2 kinase. 

40 (EGFR extracellular/erbB2 intracellular, Fazioli et al. Mol. Cell. Biol. 1 1 : 2040. 1 991 ) are plated 
in 96-well plates at 12,000 cells per well in 100 pi medium (Dulbecco's Minimum Essential 
Medium (DMEM) with 5% fetal calf semm. 1% pen/streptomycin, 1% L-glutamine) and 
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5 incubated at 37' C. 5% CO2. Test compounds are solubilized In DMSO at a concentration of 
10 mM, and tested at final concentrations of 0, 0.3 pM. 1 pM. 0.3 pM, 0.1 and 10 in 
the medium. The cells are incubated at 37** C for 2 h. EGF (40 ng/ml final) is added to each 
well and cells Incubate at room temperature for 15 min followed by aspiration of medium, then 
100 |jl/well cold fixative (50% ethanol/50% acetone containing 200 micromolar sodium 

10 orthovanadate) is added. The plate is Incubated for 30 min at room temperature followed by 
washing with wash buffer (0.5% Tween 20 in phosphate buffered saline). Blocking buffer (3% 
bovine serum albumin. 0.05% Tween 20, 200 ^M sodium orthovanadate In phosphate 
buffered saline. 100 pl/well) is added followed by incubation for 2 hours at room temperature 
followed by two washes with wash buffer. PY54 monoclonal antl-phosphotyrosine antibody 

15 directly conjugated to horseradish peroxidase (50 nl/well, 1 ng/ml In blocking buffer) or 
blocked conjugate (1 pg/ml with 1 mM phosphotyrosine In blocking buffer, to check specificity) 
is added and the plates incubated for 2 hours at room temperature. The plate wells are then 
washed 4 times with wash buffer. The colorimetric signal is developed by addition of TMB 
Microwell Peroxidase Substrate (KIrkegaard and Perry. Gaithersburg. MD). 50 pi per well, and 

20 stopped by the addition of 0.09 M sulfuric acid. 50 pi per well. Absorbance at 450 nM 
represents phosphotyrosine content of proteins. The increase in signal in EGF-treated cells 
over control (non-EGF treated) represents the activity of the EGFR or EGFR/chimera 
respectively. The potency of an inhibitor is determined by measurement of the concentration 
of compound needed to Inhibit the Increase in phosphotyrosine by 50% (IC50) in each cell line. 

25 The selectivity of the compounds for erbB2 vs. EGFR is detemnined by comparison of the IC50 
for the EGFR transfectant vs. that for the erbB2/EGFR chimera transfectant. Thus, for 
example, a compound with an IC50 of 100 nM for the EGFR transfectant and 10 nM for the 
erbB2/EGFR chimera transfectant is considered 10-fold selective for erbB2 kinase. 

Administration of the compounds of the present invention (hereinafter the "active 

30 compound(s)") can be effected by any method that enables delivery of the compounds to the site 
of action. These, methods include oral routes, intraduodenal routes, parenteral injection 
(including Intravenous, subcutaneous, intramuscular. Intravascular or infusion), topical, and rectal 
administration. 

The amount of the active compound administered will be dependent on the subject 
35 being treated, the severity of the disorder or condition, the rate of administration, the disposition 
of the compound and the discretion of the prescribing physician. However, an effective dosage 
is in the range of about 0.001 to about 100 mg per kg body weight per day, preferably about 1 to 
about 35 mg/kg/day, in single or divided doses. For a 70 kg human, this would amount to about 
0.05 to about 7 g/day. preferably about 0,2 to about 2.5 g/day. In some Instances, dosage levels 
40 below the lower limit of the aforesaid range may be more than adequate, while in other cases still 
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5 larger doses may be employed without causing any harmful side effect, provided that such larger 
doses are first divided into several small doses for administration throughout the day. 

The active compound may be applied as a sole therapy or may involve one or more 
other anti-tumour substances, for example those selected from, for example, mitotic inhibitors, 
for example vinblastine; alkylating agents, for example cis-platln. carboplatin and 

10 cyclophosphamide; anti-metabolites, for example S-fluorouracil. cytoslne arabinoslde and 
hydroxyurea, or. for example, one of the prefen-ed anti-metabolites disclosed in European Patent 
Application No. 239362 such as N-{5-[N-(3.4-dihydro-2-methyl-4-oxoquinazoIin^-ylmethyl)-N- 
methyIamino]-2-thenoyi)-L-9iuta"iic acid; growth factor inhibitors; ceil cyde inhibitors; 
intercalating antibiotics, for example adriamycin and bleomycin; enzymes, for example interferon; 

15 and anti-hormones, for example anti-estrogens such as Nolvadex™ (tamoxifen) or, for example 
anti-androgens such as Casodex"^ (4'-cyano-3-(4-fluorophenyl5ulphonyi)-2-hydroxy-2-methyl-3'- 
{trif!uoromethyl)propionanilide). Such conjoint treatment may be achieved by way of the 
simultaneous, sequential or separate dosing of the individual components of the treatment. 

The pharmaceutical composition may. for example, be in a form suitable for oral 

20 administration as a tablet, capsule, pill, powder, sustained release formulations, solution, 
suspension, for parenteral injection as a sterile solution, suspension or emulsion, for topical 
administration as an ointment or cream or for rectal administration as a suppository. The 
phamiaceutical composition may be in unit dosage forms suitable for single administration of 
precise dosages. The pharmaceutical composition will include a conventional pharmaceutical 

25 earner or excipient and a compound according to the invention as an active ingredient. In 
addition, it may include other medicinal or pharmaceutical agents, canriers. adjuvants, etc. 

Exemplary parenteral administration forms include solutions or suspensions of active 
compounds in sterile aqueous solutions, for example, aqueous propylene glycol or dextrose 
solutions. Such dosage forms can be suitably buffered, if desired. 

30 Suitable phannaceutical earners include inert diluents or fillers, water and various 

organic solvents. The pharmaceutical compositions may. if desired, contain additional 
. ingredients such as flavorings, binders, excipients and the like. Thus for oral administration, 
tablets containing various excipients, such as citric acid may be employed together with various 
disintegrants such as starch, alginic acid and certain complex silicates and with binding agents 

35 such as sucrose, gelatin and acacia. Additionally, lubricating agents such as magnesium 
stearate. sodium lauryl sulfate and talc are often useful for tableting purposes. Solid 
compositions of a similar type may also be employed in soft and hard filled gelatin capsules. 
Prefen-ed materials, therefor, include lactose or milk sugar and high molecular weight 
polyethylene glycols. When aqueous suspensions or elixirs are desired for oral administration 

40 the active compound therein may be combined with various sweetening or flavoring agents. 
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5 coloring matters or dyes and, if desired, emulsifying agents or suspending agents, together with 
diluents such as water, ethanol. propylene glycol, glycerin, or combinations thereof. 

Methods of preparing various phamnaceuticat compositions with a specific amount of 
active compound are known, or will be apparent, to those skilled in this art. For examples, see 
Remington's Phamnaceutical Sciences . Mack Publishing Company. Easter, Pa., 15th Edition 
10 (1975). 

The examples and preparations provided below further illustrate and exemplify the 
compounds of the present invention and methods of preparing such compounds. It is to be 
understood that the scope of the present invention is not limited in any way by the scope of the 
following examples and preparations. In the following examples molecules with a single chiral 
15 center, unless otherwise noted, exist as a racemic mixture. Those molecules with two or 
more chiral centers, unless otherwise noted, exist as a racemic mixture of diastereomers. 
Single enantiomers/diastereomers may be obtained by methods known to those skilled in the 
art. 

Where HPLC chromatography is referred to in the preparations and examples below. 

20 the general conditions used, unless otherwise Indicated, are as follows. The column used is a 
ZORBAX™ RXC18 column (manufactured by Hewlett Packard) of 150 mm distance and 4.6 
mm Interior diameter. The samples are run on a Hewlett Packard-1100 system. A gradient 
solvent method is used running 100 percent ammonium acetate / acetic acid buffer (0.2 M) to 
100 percent acetonitrile over 10 minutes. The system then proceeds on a wash cycle with 

25 100 percent acetonitrile for 1.5 minutes and then 100 percent buffer solution for 3 minutes. 
The flow rate over this period is a constant 3 mU minute. 

In the following examples and preparations, "Ef means ethyl, "AC" means acetyl, 
"Me" means methyl, "ETOAC" or "ETOAc" means ethyl acetate, "THP means tetrahydrofuran, 
and "Bu" means butyl. 

30 Method A: Synthesis of r3-Methvl-4-(DVridin-3-vloxv)-Dhenvll-(6 -Diperldin-4- 

vlethvnvl-auina2olln«4'Vl)-amlne (1>: 

4-(4-Chloro-qulnazolln-6-ylethynyl)-plperidlne-1-carboxylic acid ferf-butyl ester: 
A mixture of 4-ethynyl-piperidine-1-carboxytic acid terf-butyl ester (1.12 g, 5.35 mmol). 4- 
chloro-6-iodoquina2oIine (1.35 g, 4.65 mmol). dichlorobis(triphenylphosphine) palladium(ll) 

35 (0.16 g, 0.23 mmol), copper(l) iodide (0.044 g, 0.23 mmol). and diisopropylamine (0.47 g. 4.65 
mmol) in anhydrous THF (20 mL) was stirred at room temperature under nitrogen for 2 hours. 
After concentration, the residue was dissolved in CH2CI2 (100 mL). washed with aqueous 
NH4CI and brine, dried over sodium sulfate, and concentrated to give the crude product as 
brown oil. Purification by silica gel column using 20% EtOAc in hexane afforded 1.63 g (94%) 

40 of the title compound as a sticky, yellow oil: ^H NMR (CDCI3) 5 1 .45 (s. 9H), 1 .67 - 1 .75 (m. 
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5 2H). 1.87 - 1.92 (m. 2H). 2.84 (m. 1H). 3.20 - 3.26 (m. 2H), 3.78 (br d, 2H), 7.88 (dd, 1H). 
7.97 (d, 1H). 8.26 (d. 1H). 9.00 (s. 1H). 

[3-Methyl-4-{pyridin-3-yloxy)-phenyl]-(6-piperidin-4-ylethynyl-quinazolin-4-yl)- 
amine: 4-(4-Chloro-quinazolin-6-ylethynyl)-piperidine-1-carboxylic acid tert-buty! ester (80 mg, 
0.21 mmol) and 3-Methyl-4-(pyridin-3-yloxy)-phenylamine (43 mg, 0.21 mmol) were mixed 

10 together in tert-butanol (1 mL) and dichloroethane (1 mL) and heated in a sealed vial at 90''C 
for 20 minutes. The reaction was cooled down and HCI (gas) was bubbled through for 5 
minutes. EtOAC was then added whereupon yellow precipitation occurred. The precipitate 
was collected and dried to afford the desired product [3-Melhyl-4-(pyridin-3-yloxy)-pheny!H6- 
plperidin-4-ylethynyl-quinazolin-4-yl)-amine as a yellow solid (96 mg. 95%). NMR (CDCI3) 5 

15 2.01 ( (m. 2H). 2.22 (m. 2H). 2.35(s, 3H). 3.20 (m, 2H), 3.45(m. 2H). 7.28 (d, 1H. J= 8.7Hz), 
7.75(dd, 3H, J1 =8.7. J2= 8.7 Hz). 8.06 (dd. J = 8.7). 8.10 (dd. J1=J2= 8.7 Hz). 8.17 (m. 1 H), 
8.60 (d. 1H, J = 5.4Hz). 8.80 (s, 1H). 8.89 (s, 1H). MS: M+1, 436.6. 

Method B: Synthesis of 2-Chloro-N-(3-l4-r3«methv l-4-(Dvridin-3-vloxv)- 
Dhenvlamlno1-auinazolin-6-vl)-prop-2-vnvn-acetamide(2>: 

20 2-Chloro-N-[3-(4-chIoro-quinazolin-6-yl)-prop-2-ynyIl-acetamide: 2-ChIoro-N- 

prop-2-ynyl-acetamide (385mg; 2.93 mmol) and 4-chloro-6HOdoquinazoline (850 mg; 1 equlv.) 
were dissolved in dry THF and diisopropylamine (296 mg; 0.41 mL; 1 equlv.). To this mixture 
was added 0.04 equivalents of copper iodide (22 mg) and Pd(PPh3)2Cl2 (82 mg). The reaction 
was stirred at room temperature under a nitrogen atmosphere overnight (-20 hrs). The 

25 solvent was then removed in vacuo and the residue dissolved in CH2CI2. This solution was 
transferred to a separatory funnel and washed with 1 x saturated NH4CI, brine, dried over 
NbzSOa and the solvent removed In vacuo. The product was purified by silica gel 
chromatography eluting with 1:1 Hexanes/ElOAc and collecting fractions with an Rf = 0.25. 2- 
Chloro-N-[3-(4-chloro-qulnazolin-6-yl)-prop-2-ynyl]-acetamide was obtained as an off white 

30 solid (454 mg; 53%). 'H NMR (400 MHz; CDCI3) 5 4.12 (2H. s). 4.40 (2H. d. J = 5.2 Hz). 7.91- 
7.93 (1H. dd. J = 2. 6.8 Hz). 8.00 (1H. d, J = 8.4 Hz), 8.34 (1H. d. J = 1.6 Hz). 9.03 (1H. s). 
Irms (M+): 294.0, 296.0. 298.1 . 

2-Chloro-N-(3-{4-[3-methyl-4-(pyridln-3-yloxy)-phenylamlno]-quinazolin-6-yl}- 

prop-2-ynyl)-acetamide: A mixture of 2-Chloro-N-[3-(4-chloro-quinazolin-6-yi)-prop-2-ynyl]- 
35 acetamide (0.90 g. 3.05 mmol) and 3-Methy|.4-(pyridin-3-yloxy)-phenylamine (0.61 g. 3.05 
mmol) in *BuOH/DCE (5.0 / 5.0 mL) was refluxed under nitrogen for 40 minutes and 
concentrated. The residue was dissolved in MeOH (2.0 mL) and added to EtOAc with 
vigorous stimng to precipitate the HCI salt product as tan solid which was collected by 
vacuum-filtration, rinsed with EtOAc. and further dried to give 1.24 g (82%) of 2-Chloro-N-(3- 
40 (4-[3-methyl-4-(pyridin-3-yloxy)-phenylamino]-quinazolin-6-yi}-prop-2-ynyl)-acetamide: ^H NMR 
(CD3OD) 6 2.27 (s. 3H). 4.09 (s. 2H). 4.29 (s. 2H). 7.07 (d. 1H). 7.51 (m. 2H). 7.60 (d, 1H). 
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5 770 (s. 1H), 7.78 (d. 1H). 8.05 (d. 1H). 8.32 (m, 2H), 8.67 (s. 1H), 8.75 (s, 1H); MS /n/z(MH*) 
458.0. 

Method C: Synthesis of 2-Dimethvlamino>N43-l4-r 3-methvl-4-(pvridin-3«vloxvW 
Dhenvlamino1-quinazoHn*6-vl>-proD-2-vnvi)-ac etamide (3): 

2-Dlmethylamlno-N-(3^4-[3-methyt-4.{pyridln-3-yIoxy)-phenylammol-quinarolin- 

10 6-yl}-prop-2-ynyI)-acetamide: To a solution of 2-Chloro-N-(3-{4-[3-methyl-4-(pyridin-3- 
yloxy)-phenylamino]-quina20lln-6-y!}-prop-2-ynyl)-acetamide (99 mg, 0,20 mmol) in MeOH (5 
mL) was added a solution dimethylamlne In THF (2 mL. 4.0 mmol). The resulting solution was 
refluxed under nitrogen for 1 hour. After concentration, the residue was further dried, 
dissolved In MeOH (1.0 mL). and treated with HCI gas for 3 minutes. The resulting solution 

15 was added to EtOAc with vigorous stining to precipitate the HCI salt product as yellow solid 
which was collected by vacuum-filtration, rinsed with EtOAc. and further dried to give 110 mg 
(99%) of the title compound. NMR (CD3OD) 5 2.30 (s. 3H). 2.96 (s. 6H), 4.03 (s. 2H). 4.37 
(S, 2H). 7.27 (d. 1H). 7.72 (dt, 1H). 7.81 (m. 1H). 7.84 (d. 1H). 8.03 (dd. 1H). 8,06 (d. 1H). 8.13 
(dd. 1H). 8.59 (d. 1H). 8.68 (s, 1H). 8.81 (s. 1H). 8.84 (s. 1H); MS m/z (MH*) 467.3. 

20 Method D: Svnthesis of 1-(3-(4-r3-Chloro-4-(6-methvl -Pvrldin-3>vloxv)- 

phenvlamlno1-quina2olin-6-viVDroD-2-vnv n-3-methvl-urea (4>: 

1-(3^4-I3-Chloro-4-(6-methyl-pyridin-3-yloxy)-phenylaminol-quina2olln-8-yl}- 
prop-2-ynyl)-3-methyl-urea: A mixture of (3-{4-[3-Chloro-4-(6-methyl-pyrldin-3-yloxy)- 
phenylamino]-quinarolin-6-yl}-prop-2-ynyl)-carbamic acid phenyl ester (O.lg, 0.18 mmol) 

25 prepared by Method B. methyl amine (2.0M methanol solution, 1 mL, 2 mmol) and DMSO (0.5 
mL) was stirred at 80^*0 overnight. The solvents were removed under vacuum (GeneVac HT- 
8) and the residue was re-dissolved in MeOH (-1 mL). HCI gas was bubbled through the 
solution and EtOAc resulting in precipitation of the desired product. The tiUe compound (80 
mg. 90% yield) was obtained by filtration as a yellow solid. ^HNMR (400MHz. CD3OD) 5 2.72 

30 (3H.S). 2.76 (3H. s). 4.19 (2H. s). 7.49 (1H. d. J=9Hz). 7.84 (1H. d. J=2Hz). 7.86 (1H. d. 
J=2H2). 7.92 (1H. d. J=9Hz). 8.12 (2H. m, J=2H2). 8.16 (1H. d. J=2.4Hz). 8.60 (1H, d. 
J=3.2Hz). 8.74 (1 H. d. J=1 .2Hz), 8.87 (1 H. s ). LRMS (M*): 473.0. 475.0. 476.0. 

Method E: Svnthesis of 3-(4-r3-Methvi-4-(pvridin-3-vlo xy^Dhenvlamino1- 

aumazolin-6-vl>-prop-2-en-1 -ol (5): 

35 3-{4-[3«-Methyl-4-(pyridin-3-yloxy)-phenylamino]-quinazolin-6-yl}-prop-2-en-1-ol. To a 

solution of 0.56 g (1.47 mmol) of 3-{4-l3-methyl-4-(pyridin-3-yloxy)-phenylamino]-quina2olln-6- 
yl}-prop-2-yn.1-ol (prepared by Method B) in 6 mL of dry tetrahydrofuran at 0 ^C was added 
0.73 mL of a 65% weight toluene solution of sodium bis(2-methoxyethoxy)aluminum hydride 
(Red-AI. 2.35 mmol) in 1 mL of THF. The reaction was stin-ed at room temperature for 3 

40 hours. Upon recooling to O^'C an additional 0.73 mL of the Red-AI solution in 1 mL of THF was 
added. After stirring for 1 hour at room temperature, the mixture was quenched with the 
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5 dropwise addition of 10% aqueous potassium carbonate and extracted with ethyl acetate. The 
organic extracts were dried over sodium sulfate, filtered and evaporated to give 650 mg. 
Chromatography on 90 g silica gel. eluting with 96:4:0.1 chlorofomi/methanol/concentrated 
ammonium hydroxide afforded 268 mg of the title compound. 'H NMR (d, DIVISO): 6 9.79 (s. 
1). 8.57 (m. 2). 8.35 (m. 2). 8.01 (m. 1). 7.80 (m. 3). 7.41 (m. 1). 7.29 (m. 1). 7.07 (d. J = 8.7 

10 Hz. 1). 6.77 (d. J = 16.2 Hz. 1). 6.67 (m. 1). 5.04 (t. J = 5.6 Hz. 1). 4.23 (m. 2). 2.23 (s. 3). 

Mnthod F: Synthesis of r3-Me thul^pvridin-a-vtQxvUohenvn-r6-f3-morpholin-4- 

Yl-proDenvn-Quinazolin-4 -vl1-amine (6): 

[3-Methyl-4-(pyridin-3-yloxy)-phenylH6-(3-morpholin-4-yl-propenyl)-quinazolin-4-yll- 

amine. To a suspension of 0.035 g (0.091 mmol) of 3-{4.[3-methyl-4.(pyrldin-3-yloxy)- 
15 phenylaminol-quinazolin-6-yl^prop-2-en-1-ol in 0.5 mL of methylene chloride and 1 mL of 
ethylene dichlorlde was added 1 mL of thionyl chloride. The reaction was heated at 100»C for 
1 hour and the solvents were evaporated to provide [6-(3-chloro-propenyl)-quinazolin-4-yl]-l3- 
methy|.4-(pyridin-3-yloxy)-phenyl]-amine [IVIS: M* 403.1] which was dissolved in THF and used 
directly in the next reaction. To the solution of [6-(3-chloro-propenyl)-quinazolin-4-yn-[3- 
20 methy!-4-(pyridin-3-yloxy)-phenyQ-amine was added 0.10 mL of morpholine and 0.044 mL of 
triethylamine." The mixture was heated at 85 "C for 16 hours, cooled to room temperature, 
and partitioned between 10% aqueous potassium carbonate and ethyl acetate. The aqueous 
layer was further extracted with ethyl acetate and the combined organics were dried and 
evaporated to yield 57 mg of material. The product was purified on a silica gel prep plate. 
25 eluting with 96:4:0.1 chloroform/methanol/concentrated ammonium hydroxide to afford 26 mg 
of the title compound; 'H NMR (CDCI3): 5 8.71 (s. 1 ). 8.33 (m. 2). 7.94 (s. 1 ). 7.80 (m. 2). 7.69 
(s. 1). 7.58 (m. 1). 7.20 (m. 1). 6.94 (d. J = 8.7 Hz. 1). 6.68 (d. J = 15.8 Hz. 1). 6.46.(m. 1). 
3.79 (m. 4). 3.26(m. 2). 2.63 (m. 4). 2.25 (s. 3). 

Method G: Synthasis of E.N4344.r3-Ch loro-4.r6^ethvl-DVridin-3-VloxYl- 

30 phenvlamlnol-fluinazolin- S-viy-allvO-acatamide (7): 

£^3H4-I3-chloro-4K6-methyl-pyrldln.3-yloxy)-phenylaminol-quinazolin-6-yl}- 

allyD-carbamlc acid tert-butyl ester: To a solution of 7.53 mL of a 65% weight toluene 
solution of sodium bis(2-methoxyethoxy)aluminum hydride (Red-AI. 24.2 mmol) in 90 mL of 
tetrahydrofuran at was added 5.0 g of (3-{4-[3-chloro^-{6-methyl-pyridin-3-yloxy)- 
35 phenylaminol-quinazolin-6-yl}-prop-2-ynyl)-carbamic acid fert-butyl ester as a solid. The 
reaction was sUrred at O'C for 2 hours, quenched with 10% aqueous potassium carbonate and 
extracted with ethyl acetate. The combined organics were dried and evaporated. The cnjde 
material was purified on 115 g of silica gel. eluting with 80% ethyl acetate/ hexanes to afford 
4.42 g of E-(3-{4-[3-chloro-4-(6-methyl-pyridin-3-yloxy)-phenylaminol-quinazolin-6-yl}-allyl)- 

40 carbamic acid tert-butyl ester. 'H NMR (CDCI,): 5 8.66 (s. 1). 8.24 (m. 1). 8.03 (m. 2). 7.77- 
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5 7.65 (m. 3). 7.13 (m. 2), 6.97 (d. J = 8.7 Hz, 1). 6.54 (d. 1). 6.35 (m. 1). 4.9 (m. 1). 3.90 (m. 2). 

2.52 (s, 3). 1.46 (8.9). 

E-[6K3<imino.propenyl)-quinazolin-4-yll^3-chloro-4K6-methyl-pyridin-3-yloxy)- 

phenylj-amlne. To a solution of 4.42 g of £.(3-{4-(3-chloro-4-{6-nnethyt-pyridin-3-yloxy)- 
phenyiamino]-quinazolin-6-yI}-aIlyi)-carbamic acid tert-butyl ester in 21 mL of tetrahydrofuran. 

10 was added 21 mL of 2 N hydrochloric acid. The mixture was heated at 60**C for 3 hours, 
cooled to room temperature and basified with 10% aqueous potassium carbonate. Methylene 
chloride was added to the aqueous mixture and a solid precipitated. The solid was filtered 
and dried to yield 2.98 g of E-(6-(3-amino-propenyl)-quinazolin-4-yiH3-chloro-4-(6-methyl- 
pyridin-3-yloxy)-phenyl]-amine. 'H NMR (de DMSO): 5 8.62 (s, 1). 8.53 (m. 1). 8.26 (m. 2). 

1 5 7.99 (m. 1 ), 7.89 (m. 1 ). 7.77 (m, 1 ), 7.30 (m, 3). 6.67 (m. 2). 3.44 (m. 2). 2.47 (s. 3). 

£-N-(3-{4-[3-Chloro-4-(6-methyl-pyridin-3-yloxy)-phenylaminol-quinazolin-6-yl}- 

allyO-acetamlde. A mixture of 14.4 \iL (0.25 mmol) of acetic acid and 40.3 mg (0.33 mmol) of 
dicyclohexylcarbodiimide in 2 mL of methylene chloride were stirred for 10 minutes and 
treated with 100.3 mg of E-[6-(3-amino-propenyl)-qu"nazolin-4-yl]-[3-chIoro-4-(6-methyi- 

20 pyridin-3-yloxy)-pheny!l-amine. The reaction was allowed to stir at room temperature 
overnight. The precipitate which formed was filtered and chromatographed on silica gel, 
eluting with 6-10% methanol/chlorofomi to afford 106 mg of the title compound; mp 254- 
256^C; NMR (da DMSO): 5 9.88 (s. 1). 8.58 (s, 1). 8.48 (m, 1). 8.20 (m. 3). 7.95 (m. 1). 7.83 
(m, 1). 7.71(d, J= 8.7 Hz. 1). 7.24 (m, 2), 7.19 (d. J = 8.7 Hz. 1). 6,61 (d, J = 16.2 Hz. 1). 6.48 

25 (m,1).3.90(m.2). 

Method H: g->2S-Methoxvmethvl-Dvrrolidine-1-carboxvli c acid (344-r3-methvl-4- 

f6-mathvl-Dvridin-3-vloxv>-phenvlamlno1-auinazolin- 6-vll-allvl)-amlde (8): 

To a stirred solution of 0.125 g (0.31 mmol) of E-[6-(3-amino-propenyl)-quinazolin-4- 
yl]-[3-methyl'4-(6-methy1-pyridin-3-yloxy)-phenyl]-amine (prepared according to method G) in 1 

30 mL of dichloromethane at 0°C was added 60.3 ^L (0.34 mmol) of Hunig's base followed by 
dropwise addition of a solution of 48.2 uL (0.34 mmol) of 4.chlorophenyl chloroformate in 1 mL 
of dichloromethane. The reaction was stin-ed 30 minutes and evaporated under reduced 
pressure. The residue was dissolved in 2 mL of dimethyl sulfoxide and 123 nL (0.94 mmol) of 
(S)-(+)-2-(methoxymethyl)-pyrrolidine was added neat. The reaction was stirred for 3 hours at 

35 room temperature. The reaction was quenched into 10% potassium carbonate and extracted 
with ethyl acetate. The organic layer was washed several times with water and twice with 
brine. The organic layer was dried over sodium sulfate and reduced to yield the crude 
material. This material was purified over 90 g of silica gel using 96:4:0.1 
chloroform:methanol:ammonium hydroxide as eluent to yield 75 mg (0.14 mmol) of the title 

40 compound. 'HNMR (ds DMSO): 5 9.83 (s, 1). 8.56 (s. 2). 8.21 (d,.1). 7.95 (d, 1). 7.80 (d. 1). 
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5 7.50 (d. 1). 7.25 (m. 2). 7.01 (d. 1). 6.63 (d. 1). 6.53 (m. 1). 3.95 (m. 2). 3.40 {dd, 1). 3.28 (s. 
3). 2.49 (s, 3). 2.24 (s. 3). 1 .85 (m, 4). 

Method g-2-Hvdroxv*N-(3'(4-f3-methvl-4-(6-methvl-pvridin«3-vloxv)- 

Dhenvlaminol-auinazonn-6«vlVallvftHsobutvraniide (9): 

To a solution of 0.170 g (0.42 mmo)) of E-[6-(3-amino-propenyl)-quinazolin^-ylH3- 

10 methyl-4-(6-methyt.pyridin-3-yloxy)-phenyIJ-amine (prepared according to method G) in 1 mL 
of dichloromethane at 0°C was added 65 ^iL (0,47 mmol) of trietliyiamine followed by a 
solution of 65 (0.45 mmol) of 2-acetoxyisobutyryl chloridein 1 mL of dichloromethane. The 
reaction was stirred at O'^C for 1 hour. The mixture was quenched with a dropwise addition of 
10% potassium carbonate. The aqueous layer was extracted with dichloromethane and the 

15 combined organlcs were washed with brine, dried over sodium sulfate and evaporated. The 
crude material was purified on 90 g of silica gel eluting with 96:4:0.1 chloroform / methanol / 
ammonium hydroxide to afford 2-acetoxy-N-(3-{4-(3-methyi-4-(6-methyi-pyridin-3-ytoxy)- 
phenylamino]-quinazolin-6-yl}-allyl)-isobutyramide. A solution of this material In 2 mL of 
methanol was treated dropwise with a solution of 41 mg (3.02 mmol) of potassium carbonate 

20 in 0,5 mL of water. The solution was stirred at room temperature for 1 hour. The reaction 
was evaporated and the residue was partitioned between water and chloroform. The aqueous 
layer was extracted twice with chloroform and the combined organlcs were washed with brine, 
dried over sodium sulfate and evaporated to yield 100 mg of the title compound (47%). 
'HNMR (de DMSO): 5 9.78 (s, 1), 8.50 (s, 1), 8.48 (s. 1). 8.15 (d, 1). 7.95 (m, 2). 7.65 (m, 3). 

25 7.21 (m. 2), 6.96 (d. 1 ). 6.56 (dt, 1 ). 3.92 (t, 2). 2.46 (s. 3). 2.1 . 

The following examples were prepared using the methods described above. 



Table I 



Example 
No. 


Name 


Method 


LRMS 


HPLC 
RT 


1 


N-{3-[4-(5-Methyl-6-phenoxy-pyridin-3- 

ylaminp)-quinazolin-6-ylJ-prop-2-ynyl}-2- 

oxo-propionamide 


B 


452.2 


7.10 


2 


E-Cyclopropanecarboxylic acid (3-{4-[3- 
methyl-4-(pyridin-3-yloxy)- phenylamino]- 
quinazolin-6-yl}-allyl)-amide 


G 


452.2 


5.48 


3 


2-Methoxy-N.(3-{4-[4-(3-methoxy- 
phenoxy)-3-methyl-phenylamino]- 
quinazolin-6-yl}-prop-2-ynyl)-acetamide 


B 


483.2 


6.72 


4 


E-Cyclopropanecarboxylic acid (3-{4-[3- 
chloro-4-(6-methyl-pyridin-3-yloxy)- 


G 


485,7 


5.77 
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No. 


Name 


Method 


LRMS 


HPLC 
RT 




phenyiamino]-quinazolin-6-yl}-allyl)-amide 








e 


P.N./^-/d-r'^.r!hlnrfv4-f6-methvl-Dvridin*3- 
yloxy)-phenylamino]- qulna20lin-6-yl}-allyl)- 
acetamide 


G . 


460.0 


5.01 


6 


E-5-Methy!-lsoxazo(e-3-carboxylic acid (3- 

\**-[o-rneinyi-*f-^o-rneinyi-pyriuiii-^ 

phenytamln6]-quinazolin-6-yl}-allyl)-amide 


G 


507.2 


6.04 


7 


E-(3-{4-[3-Methyl-4-(pyridin-3-yIoxy)- 
pncnyiarninoj-quina2wnn~o-yi/-aiiyi7 

carbarn ic acid methyl ester 


G 


442.3 


5.60 


8 


3-Methoxy-pyrrolldine-1 -carboxyllc acid 
^1 , 1 -oirneinyi-o-\4-[«3-rneinyi-*f-^D-ii icu lyi- 
pyridin-3-yloxy)-phenylamino]-quinazo!in-6- 
yl}-prop-2-yny1)-amide 


D 


551.3 


6.27 




t-z-Meinoxy-iN -^o-\*f-(o-meinyi-H-vD- 
methyl-pyridin-3-yloxy)- phenylamino]- 

quinazolin-6-yl}-allyl)-acetamlde 


G 


470.1 


5.05 


10 


1 -tinyi-o-^^-\4-[o-rneinyi-*f-\pyriu ir i-o- 
ylbxy)-phenylamino]- qutnazolin-6-yl}-prop- 
2-ynyi)-urea 


D 


453.1 


5.16 


1 1 


tZ'Oyciupr opci icvrfdruuAyiiu ai^tu \*t 

methyl-4-(6-m ethyl-pyridin-3-ytoxy)- 

nhpn\/tflminn1-ntiina70lin-6-vtl-allvl)-amide 
ui ici lyicii i III ivjj uii lo^x/iii I V jf>/ ^"j'l wi'iiv^ 


G 


466.1 


5.41 


12 


1 -(3-{4-[3-Chloro-4-(pyridin-3-yloxy)- 
phenyIamino]-quinazoIin-6-yl}-prop-2-ynyl)- 


D 


473.2 


5.45 


13 


2-Dimethylamino-N-(3-{4-[3-methyl-4- 
(pyridin-S-yloxy)- phenylamino]-quinazolin- 
6-yl}-prop-2-ynyl)-acetamide 


C 


467,3 


4.15 


14 


[3-Melhyl-4-(pyridin-3-yloxy)-phenytH6- 
piperidin-4-ylethynyl-quinazolin-4-yl)-amine 


A 


236.6 


4.35 


15 


(3-{4-[3-Methyl-4-(pyrldin-3-yloxy>- 
phenylamino]-quinazoIin-6-yl}-prop-2-ynyI)- 
carbamic acid methyl ester 


B 


440.3 


5.61 


16 


3-Methyl-jsoxazole-5-carboxylic acid {3-{4- 
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Example 
No. 


Name 


Method 


LRMS 


HPLC 
RT 




[3-methyl-4-(6-methy1-pyridin-3-yloxy)- 

phenylamino]-quinazolin-6-yl}-prop-2-ynyl)- 

amide 


B 


505.4 


6.05 



10 



EXAMPLE 17 

The ICso values for the inhibition of erbB1 receptor autophosphorylation and erbB2 
receptor autophophorylation were determined using the in vitro cell assays described above. 
The following table shows selectivity of the small molecules for the erbB2 tyrosine kinase 
versus the erbBI tyrosine kinase in the form of a ratio of erbB2:erbB1 selectivity ratio. The 
last column shows the potency (IC«) of the each of the small molecules for the erbB2 receptor 
with the following key: "* < 20 nM; ** 21-50 nIVI; and * is 51-100 nM. The small molecule 
compounds shown below are potent and highly selective inhibitors for the erbB2 receptor 



Compound Name 


erbB2/ 
erbBI 
ratio 


Potency 


Method of 
prep 


Example 
# 


N-{3-l4-(5-Methyl-6-phenoxy-pyridin- 

3-ylamino)-quinazolin-6-yll-prop-2- 

ynyl}-2-oxo-propionamide 


101 


*** 


B 


1 


E-Cyclopropanecarboxylic acid {3-{4- 
[3-methyi-4-(pyridin-3-yioxy)- 
phenylamino]-quinazolin-6-yl}-alIyi)- 
amlde 


658 


** 


G 


2 


2-Methoxy-N-(3-{4-I4-(3-methoxy- 
phenoxy)-3-methyl-phenylamlno]- 
quinazorm-6-yl}-prop-2-ynyl)- 
acetamide 


103 


** 


B 


3 


E-Cyclopropanecarboxylic acid (3-{4- 
[3-chloro-4-(6-methy!-pyridin-3- 
yioxy)-phenylamino]-quinazolin-6-yl}- 
allyl)-amide 


142 


** 


G 


4 


E-N-(3-{4-t3-Chloro-4-(6-methyl- 

pyridin-3-yloxy)-phenylamino]- 

quinazolin-6-yl}-allyl)-acetamide 


108 


** 


G 


5 


E-5-Methyl-isoxazole-3-carboxylic 


437 




G 


6 



wo 03/049740 



PCT/IB02/04636 



-34- 



acid (3-{4-[3-methyl-4-(6-methyl- 

pyridin-3-yloxy)-phenylamino]- 

quina2^lin-6-yl}-allyl)-amide 










E-(3-{4-[3-Methyl-4.(pyridin-3-yloxy)- 
phenylamino]-quinazolin-6-yl}-allyi)- 
carbamlc acid methyl ester 


1133 


** 


G 


7 


'^-Mpthnw-nx/fTAl ifl inp- 1 -ca rboxvl ic 
acid (1.1-dimelhyl-3-{4-[3-methyl-4- 
(6-methyl-pyridin-3-yloxy)- 
nhpnx^fim ino1-Gu inazolin-6-\^VDrot>-2- 

ynyl)-amide 


308 


* 


D 


8 


E-2-Metho)cy-N«{3-{4-[3-methyl-4-(6- 

methyl-pyridjn-3-yioxy)- 

n h pn\4 a m i n o1 •<! u i n azol i n*6 • vll-all vl V 

acetamide 


116 




G 


9 


1 -Ethyi-3-(3-{4-[3-methyl-4-(pyridin- 
3-vloxv)-Dhenvlamino1- Quinazolin-6- 

yl}-prop-2-yny!)-urea 


112 




D 


10 


E-Cyclopropanecarboxylic acid (3-{4- 
[3-methyl-4-(6-methyl-pyridin-3- 
vIoxvVohenvlarTiinol-aulnazoIin-S-viy- 
allyl)-amide 


122 


** 


G 


11 


1-(3-{4-[3-Chloro-4-(pyridin-3-yloxy)- 
phenylamino]<-quinazolin-6-yl}-prop*2'' 

ynyl)-3-ethyI-urea 


121 


*♦ 


D 


12 


2-Dimethylamlno-N-(3-{4-[3-methyl- 
4-(pyridin-3-yloxy)- phenylamino]- 
quinazolin-6-yl)-prop-2-ynyl)- 
acetamide 


182 


*** 


C 


13 


[3-Methyl-4-(pyridjn-3-yloxy)-phenyl]- 
(6-piperidin-4-ylethynyl-quinazolin-4- 
yl}-amine 


196 


** 


A 


14 


(3-{4-[3-Methyl-4-(pyridin-3-yloxy)- 
phenylam ino]-qu inazoIin-6-yl}-prop-2- 
ynyl)-carbamlc acid methyl ester 


140 


* 


B 


15 


3-Methyl-lsoxazole-5-carboxylic acid 
(3-{4-[3-methyl-4-(6-methyl-pyridin-3- 


216 


** 


B 


16 
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yloxy)-phenylamino]-quinazolin-6-yl}- 
prop-2-ynyl)- amide 
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5 CLAIMS 

1 . A small molecule erbB2 inhibitor, wherein said erbB2 inhibitor has a range of 
selectivities for erbB2 over erbB1 between 50-1500. 

2. The small molecule erbB2 inhibitor of claim 1, wherein said erbB2 inhibitor 
has a range of selectivities for erbB2 over erbBI between 60-1200. 

10 3. The small molecule erbB2 Inhibitor of claim 2, wherein said erbB2 inhibitor 

has a range of selectivities for erbB2 over erbBI between 80-1 000. 

4. The small molecule erbB2 inhibitor of claim 3, wherein said erbB2 inhibitor 
has a range of selectivities for erbB2 over erbBI between 90-500. 

5. The small molecule erbB2 inhibitor of claim 4, wherein said erbB2 inhibitor 
15 has a range of selectivities for erbB2 over erbBI between 1 00-300. 

6. The small molecule erbB2 inhibitor of claim 5, wherein said erbB2 inhibitor 
has a range of selectivities for erbB2 over erbBI between 11 0-200. 

7. The small molecule erbB2 inhibitor of claim 6. wherein said erbB2 inhibitor 
has an IC50 of less than about 50 nM, 

20 8. A method of treating abnormal cell growth in a mammal comprising 

administering to said mammal an amount of a small molecule erbB2 inhibitor that Is effective 
in treating abnormal cell growth and said erbB2 inhibitor has a range of selectivities for erbB2 
over erbBI between 50-1500. 

9. The method of claim 8. wherein said erbB2 inhibitor is selected from the 

25 group consisting of: 

N-{3-[4-(5-MethyI-6-phenoxy-pyr{din-3-ylamino)-quinazolin-6-yl]-prop-2-ynyl}-2-oxo- 

propionamide 

E-cyclopropanecarboxylic acid (3-{4-[3-methyI-4-(pyridin-3-yloxy)-phenylamino]- 

quinazorm-6-yl}-allyl)-amide 
30 2-methoxy-N-(3-{4-[4-(3-methoxy-phenoxy)-3-methyl-phenylamino]-quinazolin-6-yl}- 

prop-2-ynyl)-acetamide 

E-cyclopropanecarboxylic acid (3-{4-[3-chloro-4-{6-methyl-pyridin-3-yloxy)- 
phenylamino]-quinazolin-6-yl}-allyl)-amide 

E-N-{3-{4-[3-chloro-4-(6-methyl-pyridin-3-yloxy)-phenylaminol-quinazolin-6-yl}-alIyl)- 

35 acetamide 

E-5-methyl-isoxazole-3-carboxylic acid (3-{4-[3-methyl-4-(6-methyl-pyridin-3-yloxy)- 
phenylamino]-quinazolin-6-yl}-ailyl)-amide 

E-3-{4-[3-methyl-4-(pyridin-3-yloxy)-phenylamino]-quinazolin-6-yl}-allyl)-carbamic acid 

methyl ester 

40 3-methoxy-pyrrolidine-1-carboxyiic acid (1 .1-dimethyl-3-{4-[3-methyl-4-(6-methyl- 

pyridin-3-yloxy)-phenylamino]-quinazoiin-6-yl}-prop-2-ynyl)-amide 



wo 03/049740 



PCT/IB02/04636 



-37- 

5 E-2-methoxy-N-(3-{4-[3-methyi-4-(6-methyl-pyridin-3-yloxy)-phenylamino]-quina^^ . 

6-yl}-allyl)-acetamide 

1-ethyl-3-(3-{4.[3-melhyl-4-(pyridin-3-yIoxy)-phenylamino]-qulnazolin-6-yl}-prop-2- 

ynyl)-urea 

E-cyclopropanecarboxylic acid (3-{4-[3-melhyl-4-(6-melhyl-pyridln-3-yloxy)- 
10 phenylamlno]-quinazolin-6-yl}-alIyl)-amide 

1- (3-{4-[3-chloro-4-{pyrldin-3-y!oxy)-phenylamino]-quina20lin-6-yl}-prop-2-ynyl)-3-em^ 

urea 

2- dimethylamino-N-(3-{4-[3-methyl-4-(pyridin-3-yloxy)-phenylamino]-quinazoIin-6-yl}- 
prop-2-ynyl)-acetamide 

15 3-methyl-4-(pyridin-3-yloxy)-pheny!]-(6-piperldin-4-yIelhynyl<|ulna2olin-4-yl)-am 
(3-{4-[3-methy!-4-(pyridin-3-yloxy)-phenytamino]-quina2olin-6-yl}-prop-2-ynyl)- 

carbamic acid methyl ester 

3- methyl-isoxazole-5-carboxyllc acid (3-{4-[3-methyl-4-(6-methyI-pyridin-3-yloxy)- 
phenylamino]-qulnazo!in-6-y1}-prop-2-ynyl)-amide, 

20 and the pharmaceutically acceptable salts, prodrugs and solvates of the foregoing 

compounds. 

10. A method for the treatment of cancer in a mammal comprising administering to 
said mammal an amount of a compound of claim 1 that is effective in treating cancer. 

11. The method according to claim 10 wherein said cancer Is selected from lung 
25 cancer, non small cell lung (NSCL). bone cancer, pancreatic cancer, skin cancer, cancer of the 

head or neck, cutaneous or intraocular melanoma, uterine cancer, ovarian cancer, rectal cancer, 
cancer of the anal region, stomach cancer, gastric cancer, colon cancer, breast cancer, uterine 
cancer, carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoma of the 
cervix, carcinoma of the vagina, carcinoma of the vulva, Hodgkin's Disease, cancer of the 

30 esophagus, cancer of the small intestine, cancer of the endocrine system, cancer of the thyroid 
gland, cancer of the parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, 
cancer of the urethra, cancer of the penis, prostate cancer, chronic or acute leukemia, 
lymphocytic lymphomas, cancer of the bladder, cancer of the kidney or ureter, renal cell 
carcinoma, carcinoma of the renal pelvis, neoplasms of the centra! nervous system (CNS), 

35 colorectal cancer (CRC), primary CNS lymphoma, spinal axis tumors, brain stem glioma, 
pituitary adenoma, or a combination of one or more of the foregoing cancers. 

12. A method for the treatment of abnormal cell growth in a mammal which 
comprises administering to said mammal an amount of a compound of claim 1 that is effective in 
treating abnormal cell growth in combination with an anti-tumor agent selected from the group 

40 consisting of mitotic inhibitors, alkylating agents, anti-metabolites, intercalating antibiotics, growth 
factor inhibitors, radiation, cell cycle inhibitors, enzymes, topoisomerase inhibitors, biological 
response modifiers, antibodies, cytotoxics, anti-hormones, and anti-androgens. 
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5 13. A method of treating abnormal cell growth in a mammal comprising 

administering to said mammal a small molecule erbB2 inhibitor in an amount that is effective 
In treating abnormal cell growth and said erbB2 inhibitor has a range of selectivities for erbB2 
over erbB1 between 50-1500 as measured by an in vitro cell assay. 

14. A method for treating a mammal having a disease characterized by an 
10 overexpression of erbB2, comprising administering to the mammal a small molecule erbB2 . 

inhibitor in an amount that is effective in treating a disease characterized by the 
overexpression of erbB2 and said erbB2 inhibitor has a range of selectivities for erbB2 over 
erbB1 between 50-1500. 

15. A method for treating a mammal having cancer characterized by an 
15 overexpression of erbB2, comprising administering to the mammal a small molecule erbB2 

inhibitor in an amount that is effective in treating said cancer characterized by the 
overexpression of erbB2 and said erbB2 Inhibitor has a range of selectivities for erbB2 over 
erbSI between 50-1500. 
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